JP 2007522692 

PUB DATE: 2007-08-09 

APPLICANT: QUALCOMM Incorporated 

HAS ATTACHED HERETO CORRESPONDING ENGLISH LANGUAGE EQUIVALENT: 

WO 2005039105 

PUB DATE: 2005-04-28 

APPLICANT: QUALCOMM INC [US]; WALTON J RODNEY [US]; NANDA SANJIV [US] 



HIGH SPEED MEDIA ACCESS CONTROL AND DIRECT LINK PROTOCOL 

Page JP 2007522692 (A) - HIGH SPEED MEDIA ACCESS CONTROL AND DIRECT LINK 

bookmark PROTOCOL 



Publication 
date: 



2007-08-09 



Inventor(s): 

Applicant(s): QUALCOMM Incorporated 



Classification: 



Application 
number: 



Priority 
number(s): 



H04B7/005; H04J3/00; H04L12/28; H04L12/56; H04L12/66; H04L29/06; 
international: H04L29/08; H04W52/38; H04W72/04; H04W72/12 

H04L12/28W ; H04L12/56B ; H04L12/66 ; H04L29/06 ; H04L29/06E ; 
- European. H04L 29/o 8A 2 ; H04Q7/38C2U ; H04W52/38 



JP20060535388T 20041015 

US20030511904P 20031015; US2003051 1750P 20031015; US20030513239P 
20031021; US20030526356P 20031201 ; US20030526347P 20031201; 
US20030532791P 20031223; US20040545963P 20040218; US20040576545P 
20040602; US20040586841P 20040708; US20040600960P 20040811; US20040964314 
20041 01 3; WO2004US34259 20041 01 5 
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Abstract of corresponding document: WO 2005039105 (A1) 

Techniques for MAC processing for efficient use of high throughput systems that may be backward 
compatible with various types of legacy systems are disclosed. In one aspect, a data frame is formed 
comprising a common portion for transmission in a format receivable by various stations, such as access 
points and remote stations. The data frame also comprises a dedicated portion, formatted for 
transmission to a specified remote station. In another aspect, the common portion is unsteered, and the 
dedicated portion is steered. In another aspect, an access point schedules an allocation in response to a 
data indication included in a common portion of a data frame transmitted from one remote station to 
another. In another aspect, a first station transmits a reference to a second station, which measures the 
reference and generates feedback therefrom. 
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fUflrV^) . »5§SrHIjB-r^^46(3. #STA{i^-v*/PfcT?-fcXf SlMt-D I FSfcjD 
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££«H#-f-6) . i^iafc, rnh3;k<?5^|il» (CA) liiBtaR*, STA(i[o 

. CW] COfacO^^A^rSKa^^'y^^-^t-r-S.. IItCW|»tCWminti 
[0035] 

IM4tCfeaS (PHY) j*fi-fe^>-h4 0 ItltiDCFCf-jT 
ftJfcK^T^-fe^ttJS^-^f , «-?TfrU^i!fl4 2 0#D I F Sfc-€-*lfcftlW*A v 
[0036] 

. m^btit. mta. mvss (ack) **7*— ^^sse^U'— AtcjestTisssfL 

. flfe(7)3Mmfi^?iJt>7^-A^tS I FS£ffl^4j&vt>Liu5rt\, jMlf¥fi^T (CT 
S) 71— A{±S I FS^fif'SflS* (RTS) 71/- At3tt<j&>fcUl4lfV, Jfcfc, 
r'-^CTSCDl S I FS»fc3l£®S#l4*»fc UuSrV*. -?-OfL ACKASf-^ 
siFStc*IKa&»fcLiuSri*. mffiLtzidlz, ^coi. oti:7V—J>3fm±t*'X s I f 

sj&*# A^ns. s 1 f ssinaB4jaT^3Bic»5fc»(cfflii^*i.**>fc uiav*. 

*;k&*gf<) Lfzfrt'dfrmfcf&tZib. (b) W<o.X«yfe-^£«#U 3Sfifi#3&»jE 
t < Sfi§^.r t £ a c k 7 ix- A//7fr-r^i:" 3 ^£&5£-t.g> SffiL *J itX ( c ) ST 

[0037] 

05tCfeSIg (PHY) COM'ft-fe^yb 5 0 0«F!l^ia^-r^. Zix.l3.AC KOfifC 
D I F S7?-tXi 9ft5fc£<Z)£f^S I FS<Dflffl£W^ifctfrC*£. il^Mff 5 
1 0(±i«f^*/l5:fi|fflti:^S. iHft5 1 0 #»T*N& 4: . £<*>WCIi3aMl5 1 Oft 
CO S I F SfttCA CK520 JtfigK . D I F S^T^S BU^A C K 5 2 0 0 . fi£ 

r>T, i^Sf « S T AlKiitUa L^jri ^1 i CiStS : t . 

ti^T, ACK5 2 0ffl^TSC, ± OflBfcflEWflfV^T^-fe^tt^^, ^t, DI 

[0038] 

rts/cts7WAI« (7o-W«i8l&llfiW-4itfc:jBi'C) , -T-*7 

t4««tf>'T-*7l'-^ ACK, tJiV»ASft.fcSlFSfcBW-4JWiaUtflBlt*tr 
. RTSi^iiCTSCO^^^mLT^SSTAii, ■Wl^vh7-^||S^ 
?Wl. (NAV) ±-C*<9£*3BIS£*s3&fcU f ««**t'y*-tfcSt Lti 

[0039] 

PCFI1 APtfj-^*;V<?)M*fflfflZmmX'%&£olzm^&tL&fri>Lti%:^. A 

4*»fcUu5rV\, P I FS(iD I FSj^Ms. ^^T. D I F S «fc ■JS^ftSfcJKfcfif-a 
. -etifci 0 D C F tJt^T , MAC %jm%Atb& <I t tf"C% So S I F S 

tiP I FS±"3*v4BfeK*^rt-*fc«), PCF(if-**/l/W»£ff'3HrfcS I FS^iJ 
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[0040] 

— JKAP^'P I FS^fflutlft^r^-feX^iitl.i:, APiiiSSTA^W 
- U V 7 $ ftTt T 7 -fe x & ilfTT § £ *tM^Rir B T (CFP) U 
y^'ft-f- (CF-Po 11). JfcliJ^fcjK-'J^^Ji, APfcJ^TMflSfU *° 
- l J>'^'$iX^STA^^AP^,cr,3Sftj& i ^ilt^<„ VyfZilfZSTAUD I F 

Sifcl£K*?:+:7£ffros^i2rVvfi*. STAliCF-Pol lCKSlFsm 
IWlLfcWUfGrfe&Vi. 8 0 2. 1 1 ( e ) Ustf-U y^tdit^&HSK*-£trM*0>S; 

[0041] 

a p k i o -r Jim § tifz t - a y i& c f p comm^n±t & . £ *u«^r ? * * * 

B6f<7£«>fcRTS4feliCTS&fflV^ifctR« , Cft*. U&»U ISWS*|8ffiKib*- 

3 v sr h z t &~e $ Kt ^ a* * commv a p t «t -? t x $r ^- A _ y > ^ $ ntzmm z 

■tilBMOCTSSffl^iifctJ:?), S^fcifiaKfifTlfii:**. 
[0042] 

ACKaWCF-Pol 1IJ1IOTI/- AfttC^i:ft&C:£#1t£*Vt;fc , 3. 
„ MAC?m&mfo&tzMz?—?7]/—Ab^Z&£tlX^&fri> Ux&V\ SIFS 
<P I FS<D I FS«M«*^Sf^e%ffi^#IIIS2rf- J r^;l'r^-feXt^#fc'f-S l ri: 
b . D C F (CtSlt* S TAP B 1^M^-T^-feXiiA-.y ^t7^*-XACS^# 

[0043] 

»7)802. 1 lWW±*:Siv«ir v h^sv^9^yhfc:*iWSi4: 
S *£^55 4 £> 0 s wfWnW a c k jlfiis it/7 5 y r- iSfi t*fJE-f 4 ffJnW s I f 

s^mzmm-hiUmifih^zbTht. £*i£H6fc«ssr*-4. in (phyj &<g 

1 O^fiSilTV^,, 1 (XTMfcbOT. fi&lOSTAti,. 

-V^/^^T^-feXSrSff-r^^tCD I FS6 2 0 fcA 3 0 HI CD 

STAIiNl07 7^yN 6 4 OA- 6 4 0 N£S52c7)STA[CilfI-t~-g> , 79^V 
h«Oft<bt, SIFS6 5 0A-6 5 0N^N»Ojiffi£^;&1&Wtff£&:fcV*. H 
2«STA[t NI«ACK71/-A6 6 OA- 6 6 0 N £ iiffT-l. . H 1 £DSTA{i=g- 
75^yhit'S I FS£#fc&tt*Uf&6 : 2r^;'S:#K ISJ^N- lfflWS I FS6 7 0 
A-6 7 0N-1^I,. LtztfiT. l^y-vh. 1 ACK< feilf'l SIFS SriUfg 
^S^fcteMSStoK. ^S'JS^x^^-y b{±Nfit0ACK^r^y;'tc2N- i»s 1 F s 

cornea i:w*ir v vmtb m tmi*&mb-t& . 

[0044] 

8 0 2. 1 1 ( e ) AW*. $feff$"4 802. 1 1 ( a ) . ( b ) , *J J: V ( g ) fc i 
4MACtBSLa-f-4fcft«oa3RtJni-CV^6. 80 2. 1 1 (g) isitf ( a ) {A, ivf 
tliOFDM^fAtJil l^&kOT'&Sj^ &&&W&reWtfEt& o 80 2. 1 
1(b) Ol3^iSaMAC7nF3;K^i«c?)IK, f£fcPiW-.g>#3&*£ JiAL 

[0045] 

80 2. 1 1 (e) Ctsivc, DCF(iK3BS;fl s K3KiHftf-**A'T?-fc* (EDC 
A) EDCA<J0«SS^-b'^fiiH (QoS) COj£5I{4P^7 AlBBBH 

(ai fs) wiAtfe^. ai fs [ i ] izmmix-mmtL&hytv???* (t 

C) CiSLT^I.. APIiffiWSTAMT^^A I FS [ i ] fetK^&A I FS 
[ i ] ffi^ffl^&^kUl&V^ APCO^'P I F Sfc^U^A I FS [ i ] fflSrffl^l. 
L^V\ -tnjetWAA I F S [ i ] {AD I F S£LLT'&& . f7 hX\ r ^ 
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[0046] 

4^. Ste'*-* yH^O^XteTC^IWi^£ifx.g>„ »«ft5t««7 5X(±CW= 1 
[0047] 

802. 1 1 ( e ) immm^ (TXOP) iSALfc. MACJWfifcSftfifcftfc:, 

loJ2Lh«7V—ASTXOPf:DW;. Sft_hOTXOP«iA*(J:15t 7??5Xt 

TXOPcOlfnT§tL/Sil!ra^2-7K-r» TXOPcOPbI. STAiiS I F S£ J;Z/S^I7fe^J 1 ^> 
CDAC K t AL£— Mfoyi'—A.&mst&z.btPt?**. #7lx-A(CiPf-rSD I 
FS+A y ^3j-7*#^eS!tt&»*^4ii:fc:jDi, TXOP£S»LfcSTA(i. 51 

[0048] 

TXOPOPJL ^flft^^ACKJi^U-AftT^S^k Lfl&V^L (mr«802. 
1 lMACfcNUtle) s ±jfcli, at"^W-r?>j;d^itf*^tL<{i;g@t^yn'y^A 

tXh, tc*f LT A C K sK U is—Off*! § *lT V vfr v * . 
[0049] 

iffcjHIJf ( PHY ) mm4z7'*>h 7 0 0 O^IJ^H 7 1 7 Aft tClH2Jl?g# 

t LMUJD I FS7 2 0$}£WSv?*y7 3 0£r#-3/tf&fc, STAIiTXO 
P 7 9 02:S#-^-g>o TXOP7 9 0iJNffl«7l/-A74 0A-74 0N^», #7 
Is—JxlZHNmOZtl^tMOS I FS7 5 0A-7 5 0N*Mtl>. SffSTAtiNM 
(7)-£tL%'izcr>ACK7 6 OA-7 6 0 N fcJE^-fS „ AC K 7 6 0«SN- 1»S I F 
S770A-770N-1 . #71^— A 7 4 OtiTU TV~f)Vl 7 0& itPs. 

[0050] 

H8t:/o-y?^gJE?gCD£>&TXOP8 1 O^HStl.. TXOP 8 1 OiiM^47t 
fijff— U:x?"£J:oTSR#3;fx!.j&»& La5rV\ TXOP 8 1 0(iNl«7WA82 0 
A-8 2 ONSM, #71^— MZl±NM(0^tl^tlCOS I F S 8 3 0 A- 8 3 0 Wf* 
lf|. t 7l/-A8 2 0iiJ;y'S I F S 8 3 0 coiHftt;M# . 7'ny?ACKif 84 0 
aWS^SfL*. 5WiSTAIirn«/^ACKB*fc»-C^-iSfciES^-4. /07MCK 

[0051] 

flraffSWiSliiWfc ± 0 . 7U-AP^iSfil*ra ( ifOWTttS I F S ) WftSSr* 

A ) jfiSSfctfc^ . 

[0052] 

80 2. 1 1 (a) fc±T/fl&0>HBM:tJVVt, $>SiHfi^=3— V/ hfc*fU #71^- 
A<JO*f^t#JnWil@SrJni. Sig^i£3S# ; 5gii£ix-g> i t t „ S I F ScDgil 
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[0053] 

^ny^ACK«IBfcJ:OS6*W8c»$fi*. — MfctiWC, l 0 24I«71/-A[; 
MJtB-t-l)S^:6 4ffl«MAC-^-b"Xf ; '-^^--'/ h (SDU) (#*{;i;k-e&< 1 6fll 
(7)79^>-ht'^fiJ$iXT^S) ^'STAfci^TMflSftS^Ux&v^ — TrSfi 

6 4IJ:*)^«AC SDU^WlSix&^iUx&^o -TCDi 3 
M71/- ASriMfi-rS3t*6<50-^ft^i4M7P'— A + M SIFS+M ACK + M-1 
S I FSKM7V-A+M S I FS + 7n7?ACK(«f|,. ETR-tS^S 

[0054] 

80 2. 1 1 ( e ) jipmLitlS'J y ?7n b 3;K D L P ) I; J: 0 , STAlil* 
■fr- t'X-fe * M B S S ) ( |H| t A P T"$[JfflJ$tl^> ) A £ IfflgBflOSft* S T 

A !>. AP {4*- U y/^fUtTXOP ^ STA0f)7 V— AHgrRSStefiJJH 

fc±r>T, JS«s3&^±BScBS*iS. S^^-Ct¥i*^-|»»SMi:DLPteM^^^^ 
[0055] 

802. 1 1 (e) l±>vf r'J-yKIHHiffi (HCF) fcWf^ffiSBUfcPCF fc«C 
Xt&. HCFl«lf^*;l/7?-fe^ (HCCA) fcrfcVvf, A P tiftlJffllT ?-feX7i- 
X (CAP) Sr^ji-r-l»^*CCV^f'i>^ J r^;^T^-feX-C'§§ 0 CAPJiCFP^ 

x-rs. 

[0056] 

H9fct«I (PHY) i»f|-fe^yb9 0 OCOM^H^S. HCCASM^W>- 

ft. 1 0*9SeS*LT^6. ilfift-f-9 1 OtC^S, APiiP I Fscomw-h 

, ^tSTA$gO^-yy^fi-^9 2 0^jIfttS, f-^/t^M^LT^SffllOSTA 

J: a tinm ztitz#—v yy\n^9 2 0 o^*^.^. *°-y yy^titz stai^- 

'J yyiM^-9 20&±ysiFS930 taggWCjff— >J y/§^TXO P 9 4 0 £j£fi 

-rs 0 apim- yy/§^TxoP9 4 o&it^— yy^ii-f-9 2 o^Pai^s i 

9 1 O^^P I F S£#O.I fcfcj: OCAP^SIil-r^^t Ux3rV\ APtiCAP^I 

, 1 -oULbo*- y yfimzmt^-h ui&v \ 

[0057] 

MAC(7)i&.ft 

-BfiLfciofc:, ^f^)MAC^«^o#^e«gi4aMltR^ffi^$ti^. mar, 
64Mbps (c*f l/C 11Mbps fflCRff-S*ufc#«fc*V>T y Ty^HilKWSJB 
<„ l/-b«i#Ct-5tMAC7oh3;Pf-^3.-7 b (MPDU ) ItmfrlMftt 

^flJffl^j^S-EW-rS . Witf, ft-f'-^P— h^OM I MO MP D UMflft-f-ii 7 
2 fx s e ccor y Ty7)Vififo% 8 0 2. 1 1 ( g ) tib^ fo-ffrWU ?u*ifiy H 

[0058] 
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hi oim^^vTcommcommLtimmi&tsTxop 1 o 1 o<?mmmx-fo&<, t 

XOP 1 O 1 0(±aMLTdf>-yr*Ltiim$ix-g.Nji^7^-A 1020 A- 102 
ONSr-i-tf (<T^xS:ll8^t^:TXOP8 1 OTSSSftSS I F S i;Jtlg<7)<r £: ) . 
txo Pfac^y u -M,mi.^mm^ ^-yyrUX tfflHfflfcfc fc J: T tfWWHRS *i* . s 

TAiSTXOPl 0 1 OCOya.y^ACK^fttjl^Lfc^^— A^i^lLTV^^. 

■fe^*»»"*-4ieS36*SrV^36»i9 , C»S. ITOi/n-y^ACKgf 1 0 3 OtfNflK):? 

«y?ACKB*ttTXOPteHftvCfi^fcjeS3#i**», 4felilftT?3USS*ift*»<>U^ 
3rv>. 7Wil 0 2 0{±m-^S£5S^^Si:L'3r^o TXOPl0 10(i. £££B3*3 
ti-l) T xo p ^S^MtM^v ^WcgfflS fi «, j&» t, Lft3r ^ . 

[0059] 

Hi 0(:*ti oiz^ TXOPtcti»tftasKtfc7l'— Afc^t'— AolBKos I fso 
jlftfi. A#H— <0STAt3&ft§*l4*^ KS*Sil-B36»fcL*l!5rV^ 80 2 

f. 11 (e) tZ&^X. Z&£o%:¥*vy°te%mMT(Dffl!&ZlZftTh^Zmhtl 
fc&WZ-t&fillsbtZ&mZtltZ. 80 2. 1 1 (e ) gaiSKiSVVC. 10^sec<^)SI 
FSJHIHfcJ:tf6jLisec<aOFDMfi#ffl3ili. Sfffli^LTSft^-AC^g ( 

^16/xsec{ifL<#»6*)t*^. MIMOJSHtiAUV^V^ 
< ^frcnmMmz&Y^Xli. 16/zsec T"fcoT ^^MSr3ST-rStCtt^+^T"J5^^ 
t>Uh.3rv\, -ffcbOfc:, £«oSSHsWfc:*JVvt, 1 STA*»&AP4jfcli mWJ>77u 

b^fr&m^X) McOSTASKCOmffiiLfzmimCOmnS I FSfcJ;tKOFDMfi-f-J£31(i 

^*§ni>„ Lfcj&*-3T, Bi^rat. MiMOKftftospifcii^^wt-^ (« 
itf, ^/i»a»/LDPca#) wfcftc. fflMms$:&g£-r&%Mm*. 
mm^conmmmm^tzisbizmhtiXi^m. £*i&tfXiifi*3Sfr$-4a»t> LtiKt^. 

[0060] 

-rs) 56»<i>co«fls±-caiRtfcam<oia<?)smiiiti3{ts«se*jwt*. mtwtti^T 

, 1 O FDMyyt;/W- FJWISJ ( 4 s e c ) i28 0 2 . 11 CO-T^T^Klf^^t 

MLt+^§„ ra— »STA3&»fe»*saa5feSTAA^jy8ii (Hi Ot^-Tio 
(GIFS) iWftSi't Liufrv*. 

[0061] 

8 0 2. 1 l^SAWlMAClACKIi;, 802. 1 1 ( e ) UriSlvf, ftAl 024 

m<z)yis-i±ty"n y7ACK£mtfz^JyvvM*A—XJ±^tm&£KZ^&» m 

y K -><-X A R Q^t *-XA 5#Atl) Ji\ 80 2. 1 1 ( e ) T'lSIf £fl 

[0062] 

*uar^. Mft«(±sfi«^^ yv^%mttiz+ft%7-?zmim-%mM^Tcr>fflX' 

t^'T^I>iTf^tiftiz]^1Stt-r-S^S* i fc-&^t tix^rV\ bfctfot, b-?PH 
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[0063] 

«phyi/- hT-Mat'# s phy xn >/ ?x -f . iisrr s t> Lft&v •> . 

-hT^«T'#£ft*ff^PHYXn-y?HMX£. ilfcrrsa**, L*i&^. iOffi^P 
H Y !✓ — N Tti , ifUv^'o-^t-f Xifif \'77rt-^-7o-iLl: £031 $ ft h 

m P H Y /O -y 7 +M Xk , ilftlSflfcft*: P H Y I— h iZ}3 if & MMm PHY7'0 7 

[0064] 

*^mii*TOPHYt^s*M^#^mBfrtoB#p^^ff-(i, &fm&j: 

[0065] 
[0066] 

mi i cfjtit 'j t y 7';niitoi^^ist s t x o p 1 1 1 oco—mmmzm^ 

tS„ TXOP 111 Ol±Nffl^3SML£:5Sfil 1 3 OA- 1 1 3 0 Nfc it^COOT^T 

vryy'tvi 1 20£#tf„ aBWfc/nr^ACKSSi 1 4 oa«fMiiS*i*j&»& Lft 
3rl\ i«i5!ltt3liT, Bffft-tl 1 3 0fi/wXfcJ:fO^>y h£#t?„ TXOP 1 1 
1 0 2r@7iDTXOP7 9 0 t^fHSOi t . 07X13:, *7l/-A7 4 0l^'ymt/ 
;\°Xy btJni.TT'JT>-X;^#tf. l^TUTVX^&Sl&.riifcJ: 9, H&*0> 

Mflr-^^»r y ry y'jvmt liNfflox 'J 7y7;raft< 1 wdx'J t>-x^ 

[0067] 

sworuryx/n i 2 0(i m^com^^oFDmcomm^m^mm^f^ibiz 

SrftSf# £ i ^Ct JbtiihiZ, MMcoyVTyffUl 1 2 OiiJjfficOOFDMCOTU 7* 
yX/HcJfc^T&SISft&^t Ut&v^ Lj&»U H tTXO P fo<?y<mfcth yu~M.it 
MMcoy'V TyyjVi'&gt L&V^t Lft&^ 0 OFDMyy^yH*|<OA^n7 h h — 
^(4-«fc:e#ai»(cl4-Mi'T*4. fttNWWfcfcwc, ( T U TV~7*)V<r>&. o ) # 
DDS^y^WSTXOPl 1 1 0 OiatjgjtflWfcif AS*l4#»<> LtlftW U&»U 
corn 7V7W-A-\,/ Ky^^tcM^^:*^ Lit2rV\ 7° U T VX;Kii^t=iE 

#> t= (Mm&f^zm-rS t iMft £ ti h A» t> LfT/5: i ^ . 
[0068] 

TXOP1 1 1 0i\ ^^xAW^*ffi"3A*i.i*»fcL*t*^ii:(caK<?5ifc 
. Mi.(f. Xn^^ACKJiMiRWrfeS. J;9SI^ACK^X*°-h£;h.£#^Lfx 

*5T*r)tt, GI FStfDio&J^M^^-yT^ ill^S I FS (tt 

a^LfcjMmi 1 3 0(i± OTv&Vv^.y ho-feXjO-bSr^-tf^t Ux&V\ |s]bSff 
STA^jl^t^jUfil 1 3 0fcSfr4^-yr«£BliS#l.43&>t>Uil*V^f:fcSfefc 
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[0069] 

hi 2i,z±MLtem«<vmn*mfr32stsfziibcDj]mi 2 0 00- 3Bfcw*Bsi*$-s. i 

fL{iTUT>-7';P<7)^, S I F S«J; 3 ^> 77«i*fcJ;t/ItG I F£#A"$-& 
£ fc £*/</tV4 . ffiffllA:/n v ? 1 2 1 OTte^S. i^Oy^T, STAK^t 

Ty^/k*«!esfc:jEtT)ass*t4. ^coruryy'MismTUTyy^J: o*vv&», 

^T. STA(iSil?WtcitJllS«STAA v j||ftt-S* i t Lii^rv^ iwi^, GIFSfi 
^g^JbtTff A£ix, 1 otLhcDoi^L^jMfiff -f-tii&JD^fi S T AKi* ft $ ft 
LfiSr^. 8cfc, HPll4»T"*-ft3&»«> Lix^r^o M^coStffeWcfclvt . S TA|±, BffS 
I^/pcotMgcOj^c. *BHfcy6fcTG I F S&XV : /l$.tz\iTVT>7)V$:WALX . 
2 AHA "5^^STAfcilMiH»tft*»fc Uufci^. 
[0070] 

Lfc* t iT,±aLfcJ:'3fc, MAC<75JWMi, STA^ItScoSflrSfcSTA^coil 

h* 0. 3 &£^3*L&#>t> Uv5rV\ loco 

7'J7y77l/ ^Mn-yfjUft) |5jDSTA^^M^^^f5feSTA^coa 

i£coa^L^ilfIco^A6tcfflv^ixS^t LflSrl^. 
[0071] 

< o^co*r- vymLmmm** */naR£s*i*a»fc Ltv&w z?MimrizMm 

Ztl&<, — WfctSWC, API4TXOP*l03T4sK— U^Jty-fe— ^**tr^#*a 
»<OSM5fcSTA(CjS(i^-4s&>«, Ux&t\ **JHW(C, 80 2. 1 1 (e) tfcWtfA, 
APi^coCF-Poi Hzs I F s^ig§^^T'#TXOP^g!<. -€-<04 :) 2rV>< o 
^COCF-Pol 1^7-fe-y'i\ f><0*><7)TXOP^iiJST-l.^(CfflV>S*^cO§tJ 
»f-r -y -fe - ( JaTTSfet^- S UttSfflKii ^TSCHED^ nfifftS 

At^co^ftmcoTXOPt*fLT, ^-TfL^coW^SiJST^ttl.^tLtL^V^ H 
[0072] 

§ ^t^^eSC#-TS^46C ffflfP^-Y*^ (t^SCHED) 
I— b «JtTi?#ft§ ti-l> ^ i> UtSr^ „ -HlicA 9 . APt STA|H*>?- + *rt<iHiJKC 

?V >y -fer- ^cojUmJilSm^fJ ST £> tifc T X O P col Wt* S v v# s ft^-ffcco n 

; -n'x h tttfi! 3 miff 6 a* «> Ui&v * . 

[0073] 

HI 3tWia (PHY) CDiSfi-fe^OtyM 3 0 OcO#lJ£H7nt-£ . 
U > ^fi^-fc A tf^ (DZtiZ'tico T x o P £ M^k-t 6 „ M§^^-'Jy/ff 1 3 1 

mmzti&ipi* Lt&w ttzir^m^zim^zw&x'h&mmnimjjmzm^xm 

yu—AJfiMco&B&trU&'t&tzihiz^ MJjfilV >?txop 13 2 Otem&tf—V y 

3 1 onmizmMmmztLt* jiiijfftuy^Txop 1 3 2oti^t, a^co 

mJjfilVyfTXOP 1 3 3 OA- 1 3 30N^\ G I FS 1 3 4 0 tfM'BMA'&tlX 1/ ^ 
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^ i b iz&Mco ;t„ (APKl^OST A^-r Hi* ^ u >- ^ jMlf t (± G I F s g 

^er^-er) txop dlp»*> £#tr. [iTKLitMfiJiiimim 

izM^cotiisbX'fc&Zblz&ncoZb, WJjftfci V«f*i'J y^TXO P (tT7-t 
[0074] 

hi 4fciK— u >^^srte-^-rs/s*fio^rffii 4 0 oco— mtewcov^-cEa*^*. 
jaati^o v 7 1 4 1 0 -cj&a 4 . -e<r -m. ♦jhhb** 1 ^hu&t xop tws 

i'tLMtl 7 , n-/^14 2 0tfcUt. *C9fflSfcl£oTTXOPfcflB3"t4fc«>0> 

*°- y >^'ff ^'M-s-^tis . 7'n.y?i43o icfcvvt , m-Stf- y y^ft^-fi 1 

CTRLJ-fe^yf) ±Tlo£Lh«STAtiSfiS*i.*. ftSHttCTttiV^. ffiE 
. -fuv? 1 4 4 otrtJivc. STAJiTXOP^ . u^fi^-rtco^— yy^' 

^-xcor^-fex. &tzi±m&#-vy7'bmzwixffii l zm\^ti$>fri>Lti^\ — n 

ttMKft^t, :JH£l4 0 0l4jaJWWfc» i^liyXf An-f ^^f-?lEaSS 
[0075] 

4. ;®MAC7nha;W4, £;ftfcftt|aiim::ftII$*U #f^<OMgAfc»aES;h.fc 
, IBIBt^Ktf^^H^fFffilBXX/XXX.XXX, xx/xxx.xxx&itm/xxx.xxx (-(tHAW+S-^ 
030428. 030433. 030436)" WIRELESS LAN PROTOCOL STACK" 
LAN7nh3;^j? 7 ;) tc§£>te1¥j&$;fU>. 
[0076] 

II 5CTDD MAC 7 1/ -A Kr B 1 1 5 0 0<7)#iJ2r^Kf-„ £0)*§Bk:i5ftSfflgTD 

i^M-t&e TDD MAC7WAK^15 0 0il 802. 1 1 ^^^AtCfctt^jl 
ft^f^t-^^46i0ffll§7P-A«-^&^ffifflhESiJ§ixS„ 8 0 2. ll^IItii 

, tdd mac 7\s—i±mMi 5 o o fif-nyizfgiitiit"— ay^Meo— mzm®\ 

l/C^4a»fcUv3rW, Hi 5te£VMl6l l zmLzmM$ii&^7X-?lZmzM^;<7) 
15 0 OIJEITO h 5yx#- bf -v^^-t^y bo^SiJST^ixS : -t^hib. 1k 

mm. ms^ts^xm^fiih^hvif (^ti^tvr'ovyfy^-x&xv-t'ooy 

[0077] 

— MMMlZH^X, TDD MAC71/- Ag^l 5 0 0 (iH^S J; d 5-?^> h 7 
yXtf— hf-v^/Hr^ VM 5 1 0-1 550 tCiHWS^ 2ms £7)B#iMij-safi 
(TDD) T*4 . 8!l«WFtJ itfU&S 7 A-f-f XI4B!kOiatW"CHIBSaS3&»t> 
L*u5rv\ tdd MAC7WAKBI1 5 0 0«Wai*IIIIi*4ffli^iBWIIKBrcM 

[0078] 
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tdd mac7w j*m.ffl\ftt?>5m<7)h7yxx:— h^ j T^)v<^mt&.T^%ts. -? 
%hh, (a) jsti^^/MBCH) i5io„ ^m±,mmm^^*>v (Been 
) imm-tz . ( b ) mm-r^-tv ( c c h ) i 5 20 o ztiii. mxm v y?±.Ty V 

-AMif-r^ (FCCH) tSi^y/AT?^?^-^-/^^^ (RFC 
H) (c) h^t^ft^ (TCH) . Z.fl\±, A-lf-r-* fcMfflW 

WtiBSU 3 4>fc ( i ) JW5nftFU^±«je*riftih5b'y^^*;KF-TCH) 1 

5 3 0331^ ( i i ) j^ftU y?±«^ftb5bv?^*/P (R-TCH) 154 
OtMftSftS, ( d) 5>^A7?-tXft*;l (RCH) 1 5 5 O 0 ClftJi. (UT 
T^-^XW^cofzlsbcr,) T9 J z?M-%rf-*t*-)\> (ARCH) 2rffiM-f£o y^ n -y b b'— 
ay&^jtyh 15 1 OTjMftSftS » 
[0079] 

yU— Al 5 0 O^TO l Jy?7i-X(j:-fe^yb 1 5 1 0-1 5 3 0£-#*J. ±0 
U y?7i-X(it^ yM540-155 0 fcfctr. -fe^O* > M 5 6 0 iifHOT 
DD MAC7V-A|xr 9 1«fflte*^-r o e77- KTjSI*fi-^4ffc#SaiEWl±S 6 

[0080] 

Sfcl^-V^A- ( BCH) £ h'-rjy 1 5 1 0{i:AP(Cj;-?-C5Ifi$^Xl>, BCH 1 5 1 
[0081] 

BCH 1 5 1 0e9 2#B«09fiHiT— *»#T2b4. BCH^f-^tlil?^ 
-Iff^l/t^yf, CCH1 52 0, F-TCH1 530, R-TCH154CK 
fcilKRCHl 5 5 0tiLTTDD MAC 1 V— J±mMcOWl¥ : £j&b& . ^7' 
f ■V^Citt C CH«i^& gfeS , iWftllCfctvt, BCH15 10li*lLAN 

— T*T5£ft3*l.4. £^BCH<05S(iffl£S*l.T^S. — BCH«i 
MIMO-WLAN£?)^^7^ft, BtS^iUft^^-^^ ( STTD ) ^E— FT 

(BPSK) £ffl^TMfI£:fl& . zcomizis^x. BC 

[0082] 

AP^io-TiMm^tL^fW^-V^ (CCH) 1 520(iTDD MAC7l^-A|Z 
IH«H'5<Z)9I»<0«ftK*ie*ft. HE^K-Uy^g-^iOffiffl**^-. CCH1 5 2 Otto A 
X MiiOiS^ilfl*- KSrfflViTltS<7)-f y^-^^^Tilff $fLS . -v */M4g 

frSr-^l— hT*4. S 1 W7'f A-^Hiiin^'x D , ^TOUTT 

m^WT£>&£:^'S!S*U><, SOtWfctJWC, flr#ft*l/4«BPSK36*a(l(?5CC 

*^U-A^ccHb7>x^-b^^^;k-fe^yba'BX^TS)D. 

§ 7"f->r CCH^ >y -fe->?OR£tffrfif LT V ^ . iltfrft yy?7^'A7? 

TJBSSfi*. 
[0083] 

c c H(4je36rrtrti«fct^attrrti 'J ^t^tf sffcM^A-x hofim^t* (txop 

T«-r-^<BS«fc«)T**36»fc Ut.*V\ HRfc, ( a ) MA 

C ID. (b) 7\s-J±nmtM (F-TCH4>R-TCHfi) <8BIHHWIH£jS*rflL 
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[0084] 

<0*JML CCHJ4*ffiffl-C»S*tSii:fc*4 7P-A<0--»&SgftS3&»tL*l. 

-r A co t - n > ill jg £ -T § fc ft U T £ J: o T ffl ^ ^ ti § i> L ix & V \ 
[0085] 

5^Armf+*/KRCH) 1 5 50)1 UT^5V^r^-feX^'-XhSr 
jiff -T § #» t UX& V U >- 9 i- -r ^ffc § . R C H cr>nS^m$ B C H 7 V - 

[0086] 

Jlttfrftb^b vt^^V (F-TCH) 153 OttAP 1 0 4fr$>ffiE%tltz 1 oUl 

±o!W1J1A— x h £#tn #a-xmic c HfiJ^T-f^^fLS J: -3 KWjtOMAC 

StifeiSfi*- H . MVtSaH^tflE^TSSSSnfcMAC P d uco i 3 2r 

♦fflWUfjJ-— N<y Vk&ists. F-TCHIi»KStfcl. t — HtftWCtJ^T. # 
ffl*ii*-^^7 KttWflM I MO^D7b^tfH Ut.*^. HI 6Sr#EflL 
TMAC PDU<7)^JSrpa-rS. 
[0087] 

it:frl*If-9b >y?-7-^*/W (R-TCH) 1 54 0 li 1 -OiiLtcr> U T 1 0 6*^0^3 

iHftSfLSo *A-X hii, ( t> L£>ft.i£ ) #ffl^M o -y hTU r>7'M iWSISt- 
KMVfcCCHWS "CftiS S flr^f L^TiS fc ^DS^ fc fcft TiSfi S M A C P 
DU*-£tf*»t>L*u3ri\ R-TCHJ4Bf3E^T*4. 
[0088] 

— SSHMfctSWC. F-TCH 1 53 0. R-TCH1 540. ifcttfWSrti. SIBIW 
^M-fbt!t(i^^fiJ#MSM^^ffl^T, SWriUTtcWSLT^SMAC PDU 
<^|S|B#MftSrHrSgi;-r€.3& > t> Ux&V^ MAC PDUi'iaLtV^MAC ID (t 

I1MAC PDU'S-y^'t#i^Xl»* 1 i>L^V\ ifUi, SIH^M-ffcifcttCDMA** 

^ MAC IDiiMAC PDU'V'^Ci^ltiteV^ T K ^X^fMR^ TDD 
MAC7l^- ■i.E^tC^-i^n^M^SriRf^MAC I D £I"J=MT& C C H;* -y-te 

[0089] 

Hi 6(:a^ 7 m 6 l OKmac pdu l 6 6 0o#Jtovvt<7)7Mt£B^r$-& 
„ icOWlTti. '^-y M 6 1 Oiil Pf-^^7Ai«i-f-t^7 H^ybtife 

[0090] 

t\%>« #7^7f-y3yIlPDU 1 6 3 Ote^ifl^-fc^'X^h 16 2 O^loSrffi 
i*-^S„ i^lCfc^t, f-^^ 7 M 6 1 OiiNfO-b^y b 1 6 2 0 A-Nt 
frSflSfLS. T/7"f- ylOSPDU 1 6 3 0 li-ttL-eifWD-fe^J* V V 16 20%-% 
tfM n— Kl 634 Sr-^-tf . »S7 ^ -)V H 1 6 3 2 ( £ OF"JT'i4 l^M ^"7f7 



(2 1) 



^2007-522692 (P2007-522692A) 



t" 3 >mm p d u 1 6 3 o fcfffjps <is o 

[0091] 

HaU^ (LL) V//1 642 (£tfO«rcti4A>f M ^Tm^-ynVlPD 
U 1 6 3 OSr^tf^ o— H 1 64 4tfHlPS*LSo LL\7^1 6 4 2 <7)'ff fRMti-X b 
U-AWJifF. ftMfflfML fc«ktfJB##-*f**tf. CRC1646*Ky^l 642t^ 
-fn-Kl 64 4fcfcfcoTfttt$*U ffiSMBPDU (LL PDU) 1 6 4 0 
T£fcfttf«W3fl£, ilUy^MH (LLC) fciV^SUy^JlJffll (RLC) PD 
VfimMtem^tlhb^htl^K, LL PDU 1 64 0. LLC PDU. fciVR 
LC PDUil MUX^fcJ:4^-b*X<^3t»fc1#t>ff3flI (fflitf. HQoS^ 

[0092] 

MUX\7/1 6 5 2(4#LL PDU 1 6 4 0 fc-fttmSftS • MUX^y^'l 6 5 2 

. H«^7/li#MIPDU (-fsarfc-feLLCisiVRLC pdu) KStLTJSjfiS 

ftS^fcLft&^o LL PDU1640 (istlt LLCtKliRLC PDU)(i 
^ P 1 6 54£®j£-rS 0 ^y^l 6 5 2j3i;t^-f K 1 6 54tiMUXglJJi 
PDU (MPDU) 1 6 50SrffMt~S (MUXUPDUIiiltttMUX PDUt 
fct^ ) • 
[0093] 

ft cojfefrOT DD MAC y KHtifficOH ^MAC «ffi#*H L& * ft & i> L 

juSti*. mac sta i jt^- ^ « y y ^ ? tifzimt £ , a*^ffi<o?fee<z)r 

a-7l±#TDD MAC71/- AKHl*l^lOj2Jl±^MAC I Dfc^LTMMf&fUfc 

aajf^^^h^>f x%iktet&fri> uv^ (i^'jy^ii^TxopciiK 

) . iIfl£ft&<#^-^£ff3^T<^MAC IDiW LttfeOTDD MAC 

^^a.—^jy^^^m<^mmco^Tmm^ti^h Lti^\ mac i dk» 

-t&WV&JP&ZtL&b* WMAC IDt»t^Wf^MUXK(l TDD M 
AC7W AKHtfi-t^"4fc»lOja±c7)MUX PDU 1 6 5 0^tfMAC PD 
U 1 6 6 0*JgJ«"f o loJ^<^J36ftfcMAC I Dt*ftS loJ3Lh<Z)M 

UX PDU 1 6 5 0 {4TD D MAC7^Aai (^fcfe. ±T'Sl 5*#!BLT 
SaLfcTDD MAC7WA1 5 0 0 ) fc^ift&fcf* 5 <> 
[0094] 

— UttMfcfcV^T. Infill MAC PDU 1 6 6 0^#fifeM^flLT 
. »#^MPDU 1 6 5 036^HtSfL4^&B«>4 o £<0W£tttvr:, jfcfr$-*iSfI#» 
^S?tl?t»WMPDUl 6 5 0*S£SA-f bj&*£**U IHhWMPDU 1 6 6 4Tlf 
JgSftS^fc Ul&l^ dti^W^ b 1 6 6 4{ifgffi^y Attr<50»f U^P D U 1 6 
6 6 (ttfc-h, LL PDUifcttttlWPDU) te^LT5*m$*tfc*f* 5 o A,. y ^ 
1 66 2 (^#JT1i2A-f M JiMUXrK-f Wy^W^7WAt 
iS®$*L4^#ft*I^*fL^MPDU ( dc7)W[T{±MPDU 1 6 6 6 A) tfO*&^tt^. 
A,.y^l 6 6 2(iMAC7Fl/Xi>^fe til&V^ 
[0095] 

MAC PDU1 660(t MUX^^1 662, fc LftWfWftC (ftfrMMS** 
fea§*L3fe) SfrfrftMUX PDU1 6 64. -tfUOgK Oja±^)^M U X PDU 
1666A-N, fcitX. L#>*Uf (*li£^MS#^<7)) 6S*WMUX PDU^tt 
ffic^fSftftS:^. JB&SJBA-;* hC0WS6fL)t»**iftt^, MAC PDU1660 
liMAC I D^S^^^7tWlii^^XbT«ill$^So 
[0096] 
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ZPlXolZ. MAC PDU 1 6 6 0O#|Ji. STAj^glJtfOSTA'V Sfl^feSTA 

ft-f- ( 8 0 2 . 1 1 WfflltK 71^-^) Srffl^-f 6 . ^W^iJlJiSfl-frWM U X P 
DU<^MK6*Jffifflt±-?Tj*j£ #MAC PDUfiTXOP (80 2. 1 1 ffllS 

) t\ ccmz-^tti^m^'-v y^im^zm^iitzmz^ mmztL&friiLiiZ:^ 

[0097] 

mm. fcit^g-sTA (APSr-t-tf) fr^mm^-xhzmmLTmm-f&z tizxz 

[0098] 

S*^*** 1 *, UuSrw £*>±3fc. MAC»**Wn*ffliSW-&3&»fcU#i*v^Ri3 
Sii'tL^n. L^T, JSEUfciat, *fc?tlcif!^Bt4J:^t, mac 

[0099] 

— W^tJ^t, AP(2iSmm#4>fcM I MOA^n 7 h^jgRliWt^HKS^rS (TP* 
0S«i"ffiA"^-j'|:U^<HTPmstt) ^STAil >K— U ^Sftfc 

MOA^n-y T-T'*&#>£j& i k Ux=SrV\ AP, Sfcii, 3'J^ST A^tfOTtSU >-?7°o h 
(Sfcfcifc-CPj*-*-* ) Srffl^TiUfrrS^, M I MOv^a-y MiKflftSTA 

[0100] 

APIiACK?^- FA-y 9 fcSW^ifc»fcM*STAtl»&*«fl|-rSj&»t, Lit 

^coio^rP— hMM^-Y-bVS"-y^{±8 0 2. 1 1 ( e ) ZStsSttf 8 0 2 . 1 
1 i^-fAf li£*$*vO>:$:V>. M I MOCDmXtels-hMWffim (MI MOt-Kft 
) cot&m&muZlt&frh bfuSr^. 2fc4*£*Hi, MAC^fc&ftS&AOfiJjSSrS 

[0101] 

jl - 'J y^'T-ft #STA(iTXOPj )%cr>T X O P ^W^ISK^M"^ & T D T >" ~f 

4STA^feJJi:<35B*S*UtTXOPfc:HM-4fl|«tJftft'r, i<TDD MAC7W- 
A IZ^OJtftOT X O P <7)jK«cfcti(t 5 WbI^cOSiM St^T-S . A P \m$&$&th 

A*^i^^^^T^*J:tW1Itft*t-S^^tfSm^ffiIIJ*fflV^^i,La^^o 
ffimty'i-'J y^StSWSilS^t Lfl&V*. ftOTDD MAC 7 I^-A|xfil 
CDjt<6<7)T X O P M^Ji A P Jo COf^Sflffll^- -V >y*—i?lft fcM S T 6 ft 5 . 

[0102] 
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-t^7b) ^^(SSffil^ffl-if-VN't^SfLS*^ LtL^t^ mmcr>AP 
[0103] 

ig»APii#4L*V^, Sfcii, ftfHHHHe (DCF ) *jfcii8 0 2 1 1 h/ 
g/a^i^^ *fcli_hiSU£8 0 2. 1 1 eOM$H&^*^T?bX£ffl^ 

*7bV-?T-^f?f^(l M-tJf. #<coM=5r-g.^K (Wi.ii'DVD-TV, CD- 

■r^iatc, jiJEMissasg ( ac f ) i$m7£tstLtzT7^xtf-i>btmzmmzn& 

[0104] 

QoS (Mitr«iESiifc^l©IB) . X;l^7"-yh*J±t^/4fcJdaW3&*»C*4* 
£\ * >y h 7-? CiittSiatw l oi4ft£APttffs&*Wcft § ; t imsf?t>&frt> 

[0105] 

iwi m^APcomm. hrk. £v&^m&&^mwizmm-&tz?>ob^o 

[0106] 

AP^i+vb^-^tUHT. ffiSEAPt4l6IR<!OAPf>aM*giS«Jt. »M,fc 

, ftSAPttJaTa^gfi^SJ^tUfUflrV*. (a) *7f7-^«l$t-b'X^7l ( 
BSS) IDt«if4ii:, (b ) tf— 3yfc±tfli8£-?-<Y*/MBCH) *-y 17- 
^S^fflfg^ilft^-S ifcfciO^-xh 5 i^fcKJg-*-* it (B CHli^ 
B C H4t«*co«lK*SK)AA>fc Uufirv^) , ( c ) J^rtflWttf-* (FCCH) 

zm^x*-y hv-7±izfo&mi<vmmcDX7-> ; j.-v>7'iz£ *)imimtt&z.k 

. ( d ) TVy-x-i/ g ySiata ; i: , (e) QoS7n-t:*ttl.7KS'yygy 
[0107] 

IKEiiiaJf 3>-A— Jyxyxrnha;!' (PLCP) ^'/fCo^t, b°T-b°TiI 
T cojlftft^-w PLC p-^-y rit-t^X coffi* ( ffiSA P **tr ) a w-t # 4 
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[0108] 

CH (ffl»f-**^) ±X-i%%.APlz£r>XM%\Ztl&fri>LiX%\\ 
[0109] 

[0110] 

x^-f ^hoa»?«R(aia»3i4*iS3&»t. Lfr&^g*«M4mT£-trtf. ( a ) jl— r 
sjw^-TK, (b) i^vmi/^/l-. (c)^yf^Kfl', (d)tttg:« 

< HM^Wf <! fc : M*T? bx$ijfp ( MAC ) T WX ; ( h ) MMixA LtzMM^M 
S. ( i ) ffittofl&OB*. 
[0111] 

IBRfcJi, ^AP#tWM:tiEBl/Ovc, il^Rx snr CDF(-f-£r;b 

s J: a fc, »« tfliffl-r s i t i> . 

[0112] 

X , 2 OWffMtO b T -V - b TIJSRsPlftK- h £ ft £ i Lfl3rV ^ , (a) AP jfflffif 

4=g-S*^ifi^^x^^ J .-'jy^i,^i$^b°T i y-b°T. feitf (b) «* 

[0113] 

JSS A P(4M A c 7 U-J± EH!* Ksg L . 7 is- Atf>Httft£j5Tt:— 3 y i SfTT 4 *» 
(i*i<acoS*liAP3&«fii-5Tv»ft) » APjix^^-yy^^^^iJS^^-rs^ 

Lix3:V\ AP<4^Ji.if#MAC71^-A^t'T--$iJffl^^^;kW^^^^OSiJ^^a*D 
[0114] 

MWt, AP<4MAC7W-Af*ItCA-TCH (7P*7?) * y h £#tfi&>4> 
LflSrV^. (£^£&Tl¥S£-r-S>> MAC71/- Afi^A-TCH<^#£i4BCHfc itf 
FCCH-C^StlS^t Lti^W A-TCH^, Sg5fc(4C SMA/C A3MG£ffl^T 
bT-y— bTilfi^T -5 Ux&V\ IEEEiSLANlf802. HOCSMA 
/CA#W(^i§ACKfc*«-4»R*Hij^-r4 J: afc3SeS*L&36>fc Lft&W S*i4 
. ffi*^-r^Sr^f^-4fc. «St<9LLC-PDU5!K>jac.&MAC-PDU (Tub 
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J^f^ioc— ^g^Sfti^fcUh-SrV*. l9IW)APtJBSAP<J5iirfrfc&fflv^fc» 
CO. A-TCHW7 NC0fc5^1E§fL^MAC7U— A(iia2 0£#H§LT£ 

[0115] 

^&V$>Z>fri>Lti%:\\ ^£API±, #«|ftjMlMOrMnyh*ttflJLT, 

-f-v *;l^SI5g£iam t , » IS5r»m-ri> £ t 4PC C H<7>flffl|£$H*fc:'*-* 

. v - v wmm* f c c h tzit & ti h <&stf%: ^ i t g&xxo i t . 

[0116] 

SftfctflS (SfcftOMBff-) £ft3W-£. H2£, X^a— 5l±F-TCHtJitXR-T 

^USSMT'i^^^^-^T'SffiSfLS^fcLtL^rV^) . ®5t. F-TCH+R- 
T C H feftfct IJS SrSftAn.S^At. i&ffJ&O F D M =sV #)Vt5 i. Xf/t. ?z 
ti#— KB#PeB(±. l 2 0FDMyyt^J: O^^^TeoSiJSS-ft^tfO^^^^T 

[0117] 

mimm^mmLfzmsmt:^. wmmmwT&m&z^jLz,, 20, 40, 12 
,4 8. vtztf-ox. B*<o«th=i2 0T*4. fyffl^rtgcoett=9 OTfcS tlMS^ 

»3co»f^rSSfiLfcJ:5fc:, «RLfc«3(i, 1 5, 3 0, 9, 3 6ffcS. ±o*4 

/HSfcH--r*£fcfcJ: 1 9, «RW*M31 4, 29. 1 2. 34#i££§ft4 (-T^*>^ 
|f8 9>-y#VPi:^'-K^-f AfflO. 8>-y#VP) . 
[0118] 

L. *>/hV-^^-f 5V^*»^-B*»fcL*u3rv^ §S8B±J&}eAPi:W3ILTV*4. 
oHDTV'jy^cDi^, Qo StiMS-S5)<-ra*#-^. ftl^(i7KS7y 3 y|J» 

[0119] 

j^9fflffl*#-«HftV>#£, b'-rjycO^^#c^W±C SMA/CAS«fflt 
5EDCAfftft^fcftfcfcoT:fe;tah.4a»fc Uufc^. EDCAjf^^M : 5r<tJj^LT 

[0120] 
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^X , fl5£ A P (iff «T7 o-^FJrSQ oS^EDC Aftff^Wc § ft V ^ # 
Uufcv*. WifcT, fWl «ftS^Av^n^4fcttS*S*i/£j(BIB^)* 

[0121] 

fg£AP*s, mSQoS^fS:r^-trX£7)T , rillJ£$tLTV^V^i:^S-rSi:, Wli 
[0122] 

[0123] 

[0124] 

t° r y - gr fsM fc 4 t/ fflf y y g r g h g ;k ( d l p ) 
ti^vK -mrnmiza^x, ny^rohn^ (dlp 

) B/E^tlS^tUvSrV^ HI 7^XfAl 0 0|*|<?)tT7~ t?T}IfiC9#l£B 

tai ootii uT*^30<^uT^<?)ii:jssifi**T#4iatajtES*i.5 (^owcfc^ 

t(4, UTl 0 6Ai;UTl 0 6 B t^P^fEiS^'M^^^lTV^ ) . UT10 6I1 <I 
;CBjlW«±aC« WL AN 1 2 0±COAP1 0 4 t«Mffi£fi»li ; ^T-r■g>;^>>^>L:f^%• 
^\ 

[0125] 

\i\ (a) ap^\ mm^&&sTAt,zm-&mmx*ri; a .-yyy<tz > i§mztifz¥T 

[0126] 
[0127] 
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[0128] 

El 1 8t~fi£*e#j<0TOJlA-^ M800 ^H/K-TS „ TV TVy')V 18 10 tCg?V> 

x^mm^yj^'Jx.yxrub^)v (plcp) ^yi 82 o^MftSfts^Lft 

^\ Bffi#O80 2. 1 l^X^AJi. f-^^y^/H 8 3 0 t LtltMf-^C 
[0129] 

HI 9Wl5iIB^-XM 9 0 O^MSrEHrf iftti. b°T-b°TSft^*^S 
fi$ft-g>*>t Lft&v^ HI SCi^L^ J; -5 K„ T'Jry^H 8 1 Ofciy'PLCP^ 

•y/i 8 2 o-h^^ti, p 2 p 1 9 4 g brnmLtz^r-^rmmmkim- ht^h 

V\ P2P194 OiiSflUT^'fflV^^OM I MOA^Uy M 9 1 0 ZStifrh L 
tl%^„ MIMOWN7-f-F^'7? 1 9 2 0IS(|UT^\ fJHCjMftU T^M^fi 

^c^m^jMfffl^JSgLT^^ixlj^^Lix^l^ b°T-b°TSM^<£>t 
SfKS *ut h !:S9l7 *—~?-yh tc^-oT , -r— ^ 5" 1 9 3 0 j&*iS®;3:h.4 *» 
iUftSrl^ PH YA'-X M 9 0 0«i 54111^-^ fi\ T v 9 b°T-t°T 

jift t |s|«t a p *gme> b°r-b°rf#M t ft izm^ £>ft s Lft&i * <r t fcffiR^ ' t 

[0130] 

— mtWfciswc, APtiTDD MAC71-- AEM£i£5g-r& 0 SBStJ ± VWlWf- 
t*;H±TDD M A C 7 U - i> |x [g] |*] <7)I(J ^ T ^ ft)t Wiag £ JBSi" 6 «> tcSH § ft 
■6a»t>Ui?5r^. b°T-b°TMft (APjcJaH->*iXW&) «ofeft(OMS*KRLfcSTA 

fc**U APtiX^r^A-y y^S*lfcS!3*SiftU 22iX^££-TDD MAC71/- 

Us. 
[0131] 

02 0CA-TCH2 0 1 0 LTf^SftJtSSRWT Ftf •/^■fe^ y f- &#tfTD 
D MAC71/- ^EP^2 0 0 OiOHMMS-ia^-rS. TDD MAC7U-AE02O 
OO^IBJt-coS-f-Sr-oftJt-b^^g^^^ft. ^co-tfisa WiHWWtctiHl 5S:# 
RgLTflfrCittHHL^ioiSftff^-rSA**) Lft&^. TDD MAC7P-AEPh12 0 0 
0rt»A-TCH2 0 1 Ocriffl£(iBCH 1 5 1 0iiJ;W4«iCCH 1 5 2 0 fit* 
£flS^kLft=5rl\ A-TCH2 0 10«:, STAIi, ffi*73Sft-£#JII£ffl^T tf 
T'y-tTli^ff^^feLii^u. Wilf, ±TPii6Uii:o3rS IFS, DIFS, 

Ay^^7^rf<?)8 0 2. 1 l<7>Jjm&MM$tL&fyi> Lft^, 802. 1 1 (e)K 

mx^tttz ittbhA ifs) -5^qo &is&&mmizsm%tihfrt> Lft&v^ 
. m*&mnm^-x<7>j?i£t)mmt l zMMZit&fri> Lfusr^. 

[0132] 

— mttSMlZJS^X s 8 0 2. 1 1 T"5£iS§ft?t ± d ^rM-pfO/^*<7)C S M A/C A^JIR 
fc^TOiofc^Sfii^fcUvarv*. fiRACKtMStiiiu. STA(±. 

/P^MJEt-S # . ffigCCOPDU (f^MLLC-PDU) A^)SI,MAC7nl3/k 
-f-^JL- y h (MAC-PDU) ^mif-rS-O 1 !. Ltl&W A-TCHf*IC9STA#£ 

*bfc<^saHIH JH± B c H rtisssfii***, Lft&v\ SifgJS^M^lfi-f-^SfflSft 

T^^^x— S/- g y§ftS3&»t) LftSrW 
[0133] 

ic^Wc^V^T, F-TCH 1 5 3 OliAPH STA^iOiMfiCO/c^OTD D MA 

c 7i"- M.mm\coMttX'$>& . il^rffi*fflv^4 STAHwtT'y— trramttA-TC 

H 2 0 1 0f*J-Cfi : t)ft-&5&^ Lft^rV^ STA^X^r^A— 1> yfZtlt: tT7-b'7 
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KMi 0 tag § ti h 3&» t> L tub v > . 

[0134] 

02 ItC rPHYA'-Xb j t i>Pf{J'aij!fWa^S— 2 1 0 0<5D#IJ£EKcrS. P 
HYA*-Xb2 10 0(l ±T02 0*#MtTl¥j*L/ti R-TCH 1 54 0^0 
rawi: o%x<5-isjL-V yy^fitz^T-^rmm. £jti4A-TCH2 0 1 OOia5:7 

\ i ^-/^mmmmx'm.m^tiht^Lti^K phy^f2 i ooj^aiwmimo 

AMa7b2 110, b° T^jlMPf'-V ^/l- ( P C C H ) 2 1 2 Ofc J;l/ 1 oJiLhcO^'- 
2 1 3 0£#tf« »MIMOA^n7b2 110(l lolil±OS*T'S 

sfiTtMAc -id, ( b ) <j:otdd mac y ]/—j±mmzni-&mMmmmm£^ 

ftSWSS^ ( c ) ijfficox-^^'y MBcOiMfi:?*- v-y h^-fjIftl-'-M > 
=Jir—?. (d) APj&^SU^^S^SitftWSBffll^-V^ (t^MCCH) <7)^7" 
iiitA' (e) CRC. ^I|S]MIMOAMn7b2 1 1 0fcftCPCCH2 1 

^>-bT*>l». i^OTDD MAC7U-A|xP B 1l*IS0^I§tl.^:b°T-b o Tffif^&* 

Hi. T^-y^W^^ttt. WfccOTDD MAC7l/-AK»«X^y'a-'jy 

Tti, i O^v^y^T-h^-CAS^fc Ui=5r^> T&'Q, *fc 

, PCCHti20FDMy>'^tft5. ftiM-t^^htsHS^ . ^NlfrM I MO^M o 
>y F2 1 1 Ofcit/PCCH 2 1 2 0£#A. 1 oELkW-r— >->^2 1 3 0 *\ b 

. p H YA-x h 2 1 0 0 to-m#*Mk<nMWe)iB&& s &{i?$ h . — ^saB^x- * 
&f3l£ 1 ^±0#S^br-brffM§ix^S*i^{iAP^co»B^mo^*^ 

2 i 3 otfetts-f-^ii. r^bx^yb^iij^TTti^tcMfisn^^ 

[0135] 

PHYA- XbCOHMWi:, ^NIIbJM I MO#HSft-f-c7)8 0FDM^y^;^^J^S7° 
'JrV^**tr. KT28Iffl»Rlff- + *A' (PCCH) SOMAC-PDU-Ny^li, 
R=l/2tOBPS KTif-f-fbSn^ STTDt- F SrfflV>Tf£jgg<7} 2 O F D M i/>#)V 
\,Z&$.iX&. MAC- I Dlil 2b*>y AP#<J(OTDD MAC 7 A 12^ 

oBffa^ra^>t osfrr^^c s b-y t^wsssR* 1 ***.* ( a t«* 

iS(i2 5 60l^OFDMyy^l/tJ)l.) . Txl/-Ml iSW^-yhtfflV^ 
*VT ^ S F £ jjrf- 16t"-/K*S, FCCH if v */HS5fcJgii 2 b" >y h T$> o 

T'&S, CRCtilOt^M'l)!., -eciT'fi. ^<<7)fl!l<7):M — it/Vi^te:? 

^ F-f >f X>'ft#P H YA-X bSUtWC-ft-*<t*3&»fc Uv$Tl\ 

[0136] 

znmz&^x , mac- PDua&gM-^ao^awitr-trrsaKictittft^s 

[0137] 

02 2tbT-bTx-^Mfl^^^Ti£2 2 0 O^i^tl,. MSJAS^Wfilfr 
MIMOAMDyh SrMfl-f-S y"u 7?22 10 6 . /ny?22 2 0 fcti WC „ 
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Mttiimizf£^«sffi%tiffl*&feti> . mnmmfoM i mo^m n >y h 2 1 1 o& ± 
yp cch2 1 2 oii, mm^tifzim^mf^wmm^-t^r^co^ a -xa^-m 

7"n 7^2230 CfeUT, x-^^^^'v-X-^ g V$iX7"^ft7 V -y h tftot 

1 MOAMn7 h 2 1 1 O^M^ffit-^T&Sm^io&l^— h&iim^;*-:??: 
[0138] 

02 3^b°T-b°TffifI^*V);K£2 3 0 OSOMSrH^&o <I<7):&&M2 3 0 0{i 
i^oMtl^MStS. ^-f7'b >y HiffiR(?3iaisWrt*raH!S*i43&»<> UtS:^ 
. &PI(2W£:/n 7^23 10t'Ml. o ffl£:/u 7^2310 tciSUT. S T A — S T 
AW&<nfztb<F>'r—9ifi% l &t%%^ |iK/n7? 2 3 2 O^ittJ. -ftlliWfi. 

V'y?23lOlzM&Ztlz£'oT 9SMim *) JM§ tit t Ul=3: v U o & flgro -y 9 

2 3 6 0 £ T'«tf*\ ifcliifcTtS . 
[0139] 

|ije7'O772 3 2 0tfe^t, S3Sfc<3fc»c9STA-STAx-:?a%4*£\ b°T 

m&X'lri'x.— V yf^tlX^h^. 7"c?-/:72 3 3 0^11^ TX OP 
^£80S£S^&. -BELJt.fcdfc:. TDD MAC71/- jUK^CO^y^'AT^-feX 

4 aS^tUt&^fcto£«tfO ,!£:<, — JSflSj&fcSrSrt.* i: > 7"n772 3 5 0(:fcu 
STA-STAWftaW^— ^ht3*©^-4*»t> Lfufirv*. — SQiWfctJivc , ^ 
220 0i\ STA-STA P H YA— X ho— JfMh LT. fflV^^X^^t Uv5rV> 

[0140] 

«E7o-y?2 3 2 0tfcV^. xy^^—^y^Ktz^T-^TW^ifi'^X"^ 
%£\ T7-tXcr>fzMz7v >y 7 2 34 O^Mtt. fflxfcf. TDD MAC 7 U— AKPJJ 
2 0 0 0«A-TCH-fe^y b 2 0 1 0 3&*ffl^&*U.a»L Ux&^. M&izX DfSM« 
»fW:j«E&Lfc*£s 7'n >y 9 2 3 5 0 I3tt», ±3*tJt J: at STA-STA PHY 

[0141] 

/O7?2 3 5 0H, MWiaL^iiCIOIt^, *-fel4»TT4*»fc tti^r 
^¥'J5£7*n 7^236 O^iltf „ 
[0142] 

02 4fceT-e7*tt^fflV**fctf><0U- 17 4 -l'A7 ^*««-f-4*ffiW2 4 0 
0*H^-fSo £<90ti2o<7)SS*. S TA 1 £ iV'STA 2 tcj; oTlSfrSftSi^fc L 
tltc^m*<Dmm&£V : m<7)Xr--vy°£^;-t„ STAlji»^0 7 12410JS 
TA2tjMfrtS i STA2«#fl|Bj^Mc?'7b24 1 0 £gfILTt">&ISL ^-\>*^2 

420 . —9mmtz& ^x. s t a 2 (awetcjE tx j~*r ^t-xmrnxz h \y 

-VUkfeth. i<0P— hSfeSliU— HA V ^2 4 3 0 t USTA 1 fcJKft 
ffl^^#HS6WCiJ^T, 1/ - 1 7 ^ - h'^7 ?*£^S TA 1 ttl S i 3 
%im&3^7*—?t) i &m%tL&fyl>Lit%:^<, 2 44 0Cfc^T, STA1I1 Xy-y 

A-u^^^utrwsssssr***, *fc(4WitrA-TCHoiai. mmm^zm^-tz 

. jMfgfS^'24 5 0f1Sf#$^St. STAllil— h7-f- K^-y ? 2 4 3 0t£j£S 
LT&SSft^-hfcJrlJ^lffl^-V-y bT-f : '-^SrSTA2^Mll-r-So 
[0143] 
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[0144] 

M2 5fc2o<0ffi3fcSTA lMtftSTA2i3j:t>*l-OCOr^-trX^! , -i>'h (AP) Tel 

XX/m(T)U~ h 7 < - K^'-y . J3lTfcW3SS*i.4 4 o Lit* 

v\ S&fc, -g-^iaSr-f-^W:. tucO^IS^?tb°T-b° 7*S8tt*»&<0, 4£t4. ST 

[0145] 

7?-feWyMi iHflKRSrgfiU S^X^a— U y^TJU^f UXA<7) i o 

Ls sta 1 hobr-brM^^«^-bortg^^-htip?-f--?.^s^-rs*^ 

UuSr^. 3H?«fc, STA2iil9SOiSftfi-f-^-3TSTAl3&^(501x-h7<f-hVS- 
[0146] 

i-trtSfeSLTV^i. 25 1 SfciiWC. f'JStiT^bX^-f >-hA^STAl^Mff $ 
M„ ^e0Wct3V>T. R-TCH 1 5 4 OtCtSttSiO^Ji. ULitC C H 1 5 2 0 CO 

£o%MM^^cr>mzmmzti&<, mmiz, 2 52ocfcut, sTA2©t»t:R 

-TCHti3tf&fJS^&£;h.&o 2 5 2 5£t3tvt\ STAllir^-b^yhH 
[0147] 

STA2f42 5 3 5 fcfc^TffjS 2 5 2 0 ^otW b 7 — KAy? £ jlfaTS . 

^■y?fi, J3SLfciafc, f-r*yWi5e2 5 1 OtfleoTaRSsflft. 2 5 3 5CDPH 
YA— x M2|iMBfc3MSiaj^ n «y b Lf&W 2 5 4 Ot^T. STAl 

{4. STA25&>£>Of-^*/W£S!l£U U- b7 A - b'A-y ? £WIU |5j«tC SfXe^J 

[0148] 

2 54 5CfcV^, MS 2 5 1 5{cf£->T. STA 1 lift^S^UtV'— b 7 -f - b*A-y 
cOJtftcO^Wf-^^/kay^t^oT, •r'-^^ft^tti.o 2 5 5 0 (His V vf, STA 

2(4S^Ke^^^i^^^-^7^-^vs^y>yi;|s]«^^-f-^ ? ^s^i•f-s» 4fc. sta 

2ii^kcomm<ntiib(r)]y~ b 7 * -b^^v7*m.m-&tzMz^*)V*Mfc?hfri> 
[0149] 

T?-feX*°-f V h-CWiimm-t2 5 3 5£it/2 5 4 5£>\ ±JfiLfc± a < 1 1> 

tC^LT. r^t^yhtt, STA 1 A2 J \C0 J £tl J t'tl<7)M^2 5 5 5i3 

4t£2 5 6 0T'^^ilS^fa^m^rtOitJaSiJS$r-f--g.A^ Ltl&V^ 2 5 6 5*3 4 
t/2 5 7 01:m. STA lfc4VSTA2{4^^ixO»iJ^^Sfi-t-So JjCfc. MS 
{4. Mlft±t'7?^X^fltS7?tX,W yhh, tT-b7^*/VC»C 
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[0150] 

t^tS^i Lil^rl<\ 26 10(^1^, STA2 J V3SfI-t-S,7 :; -^&*LTV^ST 

STAi>&mt&fri> Ux^bT-bTPHYA-Xl- 2 6 1 5i±, STA 2^jitfi£ 
ft&o 2 6 2 OfcfcWC, ft^-V^SEtlLTV^ffiCOSTAfi. STAl^^Oil 

, ±JCtfcPCCHJ4SMim^2 6 1 5^*ft£#>iU-l3rV^ 2630fc*jwr, S 
TA2ISM»^n.y HcJ^Tf-v^/l^illStU ^^±-C l J^-y7?-fe 

wa.tr, gt#^so2. 1 l^-x^A-ms i f 

SloKWC, ACK^igS^i**^ Ut&V^ S I FSjfiiqRflBlcT*4/S*, STA2li 
[0151] 

2 6 3 StCtJWt, STA2(aKB<j4f-^iftCl/- 17 ^-Ha'-^&STA 1 
^iSfl-rS, 2640£fc^T, STA lli:l/-l7 -f — ? *»IU 
ft^cOT^-tXSrM-^L. 2 64 5 tfeVvt^ftSftft^-h:? ^-Mv^fcftiTS 
TA2^ilfifi.» 2 64 OCCfcWT. STA 1 (iAft, ^OiMfl«0^^<50P- h 7 4 
-l'A 7 7^STA2 MI f£"f £ imh fc *)V* jffig L , S T A 2 #5£fl L fzMWW 
-?%&iWtZ>frl> LiuSrl*. 26 50fc*5l»vr, STA2I1 a£S*lfcf+*A«ll 
tcj: 9^S*lfcl'-t<iiJ:l*8aPI:7*-V-y ht^T-r-^3Hl^-f-2 64 5 2rSfl 
•t-So STA2ldjSgm#*STAlfcig-rRfcfflV^4fcto<0U'— — KA V 

-17 -f — K^y^fcjg-*^ 6 3 5£M&ZktZ&r>T:* m'OMZtL&frh LtV&W 
[0152] 

L/i^T, 2o«(i 7?«SS^nitti-5T, I*[*I(:71'*7 7l 

jlftfi-^^SfiS^t-^^^it^ctO, PCCtUOjio&PHYA- 
X 1 <04±iiSfI WStilfShWHHI 2 6 2 0 J: 3 , ffi<?D S T A 
liieoflHBtcr^-fe^L, PCCHtc^S*iftJ:dtc, AS4"T'fcS;t»oti^ 

ft: £> S r H * v ? b T- b TMfifiia 2 6 fcff^ t ft Xt- y Tfc$fc ± -> X t- *«k3S 

LfiSrV*. Ltzifi-oX, ttVa.— V y^^fitzii £V7 ^bT-bTfflfiOffit 

[0153] 

H2 7tcS*Pa1^) ! Sa$aftbT-bT}lft5rM^tT. TDD MAC71/-2.KS 
COM2 7 0 Oim^&o Z.OMiZ&^X * F-TCHtJiffA-TCHiO^ISKi-lfnK; 
R5&5*iT^4. b'-ny/BCHl 5 1 OfciV'CCHl 5 2 0J4^*t |5]«}Mft$ix 
t'-3y/B C H 1 5 6 0ii}^7 0 J^to CCH1 52 0litT- 

2 7 1 0'C'STA2^.jMfi'tl)o |5]bTDD MAC71/- ABMfc:. STA2IJSTA 
ltJE^t-^ft^c0b^>> h2 7 3 0^3T$>*l4<rfcfc:i£j£«C:i:. -tCPiBLfc 
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/$ fz imim?- 9<r)ko -&m«<7)mm±H-z-^ixfz\^ixfrco t? r- tr p h yia- 

-XM^4;fx|>^i Ux3rV\ STA3(ifiJ^2 7 2 Of'STA4^iMM-r-g>. STA 
4{ifiJ^2 74 0T\ |S|«tCSTA3^.jHfi-ri. 0 #b°T-t°TS«!£li^fl!l««^® 

'J >-^jH««-f-i±R - T c H fxs LfL=5rv^ i^i hcoa i:X/m^MMi^ 

-tmmmmitis ^zftvimisixz . 

[0154] 

{i#STA^ilffB#SiJ5rlllS^LTfc< ifcT, tttioT, APtf>B$tf-fcRJHt/CA 

MMJW&Tl- 7 < <v ? ^tmWth o . tfz. ST AgfifSfcfc l vtiiSS fiSi&Bfetar 

&vnmB*7*vhii^L&i*hJ&ttt>tt^. STASft«tt20^«B3ft£ffif$ 

7l8Rtf>>fcii><*> t CDX'h h . 
[0155] 

[0156] 

^\ zztzm^htizzotz. mm r *f^9xj im^^^tm.^ithtz^zm^ 
hfih. »^5xyxf^i zz^zimLtzmmttzitmm^i^jJi^m^m-h 

Liv&\t\ m^7XiyXr-M.comit. 03 5-52 **8SLTiaiTTKW*M I MO 
[0157] 

?7x~>XTj±<omi¥*-*iMb~tz>fzMz, m«<omt&&% (faj ^^t, 

Uifc^. MiWJaasSRSK (dfs) 7;^'ijXA(l ifttcajE-f £»ry* 5 

btmt Lt^i Ui=5rv*. 
[0158] 

WLAN^C07?^X|;M^SE#STA(±A'7y7'j3j:V'7^f ^7'«20^SJ 

0, ^-cOjfi^-CH^^S^f-b'X-fe^ h (BSS) cD^liWI., 77f^ 
^jacfciO, STAteBSSftcoMcOSTAfr^CDl^Zmm^&tzfrlzMfflZmm-t 

[0159] 
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P (UTfcR»tC)tt, lO<3FAfclO<Z>WLAN?9**«J^*;fcft^3^i:l, 
[0160] 

lt#¥ffi(i, fr^^APifctialf^XSTAa*. *$&3rlK# (t^%80 2. 1 
1 ) W3im*ffl^4i^STA<Z>^*fgie^4fc<^*4. BEff^T-A^^io^ 

[0161] 

m * CD f a t t mm-t £> ^ ^ a«ar b - h * y 1 2 . war « ? 5 * o s t a s- ^ 

£ i -5 fc. K#C SMA MAC/nla/P (WitTTOfS 0 2.1 llltffaU^ 

M AC#K#MAC fcftiTCS StfcfJSmtt^- h*<5D9W££g|ffl-rS - t £W U\ St 
#feJ:t/ff^7^^^A^lltFA&ftW^^it^VH^<03&^»Ji^J&JilT^ 

[0162] 

o -y ? 2 8 1 0 £ . £ <I "CliSE* ft*&«*»£JlllH* ili^T £ fcftfcfflv . 
[0163] 

Mtli. ff^^xWLAN AP(l &#8 0 2. 1 l Wft^t3H*5i>Wf:7 v , $r 

[0164] 

l o^SfSHdaateSBIBI (cfp) £PCF/HCF*—m(clKtr 

^'ff^ ^x^iiviassTA^^fflv^ix^.r t 5*sa^ajiaijua^-s^t 

LflSr^. i*Ui, t^TWlffSTAt. Wt«*7h7- ^flj^? h/l" (NAV 
) *fflj9lS*lfeCFP««lfflt=SUTift3eS**. NAVIiCFP*3Iir$-*fc*fcffl^ 
^■S^^T"^,, -teDfeS. t"-rJ>-^Sft-r-I.SEffSTA(i. APCiot^- 

[0165] 

3'J<7)Srfe{iC F P Sr^At-T 4 Z b , J: tXRT S/CT SMtXfciMft/ I D 7 4 —)V 
FlzZVNAVZmfet&ZbX'fo&o Zco*%&, m^y^APte^ AP^'f-r^SrSt 
ffiLTUS^i:^-r^.Tc 7 )Sf^5^STAt^:-rfflftSr (RA) fS-st^l,^ 

m%RTS&miii^&fri>btl^\ EffSTAlt RA7^- ;H<Sr#^COSTAt|n] 

TS/RTS^ -y^-S^T^iSH*/ ID7-f — /PHtffiS§^UtMStC*>3t 0 B S 
[0166] 

7"c? >y ? 2 8 2 0 fctiwc , ^M^Mmt:m±thtzib<DmmS:imLX v^J5E#? 5 
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£tiS8rt&. 7"n>y?283 OtCfcWC. ^£?)7nh3;W:«-5t, frU^STAliT? 

it. i £>"x >>' A - y y 7" § fifcJttfi-rtitJ i tfattrrtF 'J v 7 fEMA s SHH § ix s *» t L ix 

[0167] 

«sTA{±r^-fex5rM^-t-g»*^Lix^v^ i^ttio, isfis-^wfawis. suits & 

n-y7 286 Otl&vvr, MSii^n >y 7 2 8 1 0 ^SIoTfK *\ ^fcteffcTrS . 
[0168] 

H2 9td»»fc«tt^^9^ll»T^*^IW»^a^^*>**ER^6. BtSMACT 
nhrj;1^29 1 0 £$r:? 5X7n h 3^2 9 3 0(F>±.<,z^, ZtltH3Mfr&hZtl& t 
. i^MAC7Dh3/l/2 9 5 0«j:3*MAC7oh3MI^tl». <lCOW-fc^T 
,80 2. 1 ltf5K#S^*«^aWtfflV^^«. S3ft#ii, 

Sf^9XMACrnhrj;^v^n*HcjlfflSaS*^Ln^^^S5t'^a o 
[0169] 

K#MAC7aha/V2 9 1 0<it'-rJ>-2 9 0 2Sr^tf„ ;«t'-3y|it'-3yg 
«#f-3yKIBHddK^SBIIl2 9 o 6im&t&Mteim2 9 0 4 &lt 
tfo S^^*SM^-K-U y^ft-t2 9 0 8 A-N*«£Mi»b12 9 0 4<0iat*jRS*l4 

u*u5r^. iRM^-iBr a i2 9 0 4ii*is^r«aia»T2 9 1 ot± ort*-*. #tr-=j 

y2902tt802. 1 lcOiUSMtfett^^— y-y bt— (TBTT) £ 
&m$tl&<, i?7^MAC7nf^2 930)±MAC7^29 3 2 A-Nfc-frtf 

[0170] 

$g^-f-3>|xp E g2 9 5 0(S*M^S|Ph12 9 047)53, gt#fc £^'$17 5M AC7n 
hrJ/KOfflSafflttSrM^-S. fr7 577)TDD MAC 7l^-AKP a T2 9 3 2*»#4 
iiT&D, BRfjK— UV^m-^CF-Po 1 1 2 9 08A-Nj&*»Br$-£. ^M^WJ^i: 
CFPEND2 9 1 Ot»TU 1^K^2 9 O 6i«tli. fr7577)TDD MA 
C71/-AES2 9 3 2fii i(cpaL^«^«SI«^ii^^OttS^ffMT--*l>^ 
fcUx&V^ — HifeW^ib'^T, fr75X7)TDD MAC 7^-243^2 9 3 2ii:, fflf 
CO02 0£#H1LT#»L*: «t o^a^eo-t^-XyhSr-g-tf. L,fca*->T, intern* 
?, St7 5.7TDD MAC7l/-A^liAM0 7 M 510, ilft^/H 5 2 0 
, HH^r^jUftf-r^H 5 3 0, TF*7^t7-t7t?y 3 y (A-TCH) 20 1 
0, Vy?mmi- J r*/V'l 5 4 0, fcJ:t/5y/A7^«ft*;H 5 5 0 
[0171] 

C F P 2 9 0 4 7)Pa1, IK#ST Aiifr7 7XWL ANilffff-^THvf ixh i^W^ 
Tir^ifcfcaatoii:. APliCFPOEJ. -fer^V hftTiSi^t- Kl&ffSr ^Tfgfc t 

tc£c F P 2 9 o 4 £5If& t , £B£ff h 5 1 -y 7 & , t'-ri yKIWTt3fiv*teJI8IBI ( 

CP) 2 9 O 6(50^ff-T^t UvSr^. 
[0172] 

8 0 2. 1 1 ®E#g2tCOMf i , C P 2 9 O 6 # 2 OT^^S^T'T)^ * IhK — h 
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v\ CFPt3j:t/cPS:?li:-ri.f^tc:fflv^^^v{i, cfp^cp (t^iOm 

ISS, KtFATK#STA*JR8S-$-S*£\ ff? STAtJfti Q o S &imt& 
X OiZ'^ML^lfili^^ W m&8 0 2. llSPtil. 0 2 4ms e ccOiM Aa. 
-•yb (TU) fcHSH-*. $T?5.XMAC{±, £«O0fCli2 TUftt^j 2 . 048m 
sec com AC yis-i±wmZW.->X , mfri/ ?^ MzHMt & i. 5 tCKtfSil-B^fc L 

[0173] 

v > < -o-hxommmizis , ?x m a c 7 i^-a^isiw lt v ^ r t £«r s ; 

LT^&J^kUx&l^ £>t. MAC71/- ACD*?W2, iMflSft^ 2; # . 2. 048m 
sec7lx-AEr^^<50Wf^4l» < > ^COidtC, STACSf^X U -T^E- H(± 

[0174] 

kx, m^zcommm^i / zmm^ttx\^m^^x^x^Ai l zftLx-'M^iT$)^i> l 

[0175] 

03 0 ItZmtm^Mn-t htztbcr)-%m3 OOO ^EficTS . M3000 am -y ? 
2 8 3 0 LT±T-flj7K$fL^i£2 8 0 OCDHSSCTtfOtfTSffl^tl-S* 1 *, UfafrV*. M 
S(±, r^-bX^^ya- UV^$fL3t*\ §iltl^^fl£7*n7?30 1 Ot 
;«i2^M«7?tX^WSLTU| ) #\ S*#te#;L&;h.fc£SS0!tf> 

*l2rV*£fc "3. flg7'o 7 7 3 0 1 OtCtilfVC, xy^jL-Uy^^fL^r 

^-x«T^-fc^*ifeWraBS*t4*»fc Uu5r^. ilflSfcfe (txop) jJBHtSft 
TV 7 , n 7 ^3040 T'^j*fI«t£^o Ti^rf £ . ^asa&Tts *» 

[0176] 

wiar^. 7n7^3 03ocfcut, r^^Rfca^wsfL**:, m%&&fsztii> 

[0177] 

»7^APL |BItJII«ft*iJ^T-^--vS7-y7°LTV^I5E#BSS^ 
fttc. RT*f & B S SC0BkO3fflSM*S9W-4i 4:4*34 U\6»t> Lti^V\ ISff B S 
S(iDCF*fcliPCF/HCF*-HTiWfLTV^3&»fcl,fL*V^ -t^fcft. §T? 5 

[0178] 

K#BSS#PCF*fcliHCF*— K , CiWtsl/CV*4#£, fr? A P(i. TBT 

£ ±3* L fcffl * <7XX # r.X A (7) v vfftj&» & ffl l \X m^Wmz^- -r Sr ft Si L. ^f— / 5 
vrLfcBS SfH«rtTlMM-S3&»fc L*L3rV\ J5£#B S S^'D c FfflT?!WU^5 
%S\ fT?7XAPa^*/K0M*5L fej;V^-v^^^UT-n»5t^CFP<?5asn 
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[0179] 

B s s ftff>\ \ < o^t fcfctf •'^T « s T A£W 5XAP oi*fIfI-§-£:Sfi L3rv> 
^^S^iLftSrVi. <r<9*§£\ ^ft ST Atiff:? 7^WLAN^iM* 

[0180] 

03 item— cr>F Azmm&B s s k^-t&tzfo#>irmM3 i oosrusrrs. 7"n 

iK-f^Mi, HtJli!£ifc»i|S£ft*LT. h'-ayt PKS LTV^tbtt 

8ct» f^toSTA^\ jgft&fifcateMlfflfc. T?^x£M^t-&7>kUi%-^ 
. /n7?3l3 0(il3^t, $T?7XT?bX;lM yMiS^ISt:. T?bxS-M-£- 
-fS. 7'D7;3 1 4 0m^. $t?5XSTA(±. Sf^5XT^-trX^^ 

fiJ5P H 14»OT^^x<?D^{i;iit|^$fLl>ffi«^v^'ix^^^*^ UfuSrM. 
x^M vh^^^^^ffiLTv^^P^tlt^KSSTA^^^tc. i^L^i 

Afi:/n-y?3 1 5 0-ril^-65&»fcL#i>flrV\ W&/n7?3 16 0(:l3^t, ^a(i 
7"P7?3 1 1 OAj^TttBrfi^fcUufc^U *fcli»T-*-**»fcU*i3rv\ 
[0181] 

0{ib"— r7>-3 2 0 5^aft-TS (f5t#yXf ACOTBTT £ ^ftO b— n 

14^3 2 0 5 A Sit* 3 2 0 5 B£5jk~t) . b'-ny3 2 0 5 AJiteM-irEPalS 2 1 

o*jj:tm^«ifsi3 2 1 5£!i#5g-rs. *M^i§p B i3 2 1 ocors. mt^taimn^mm 

3 2 2 5«:, M^M^-^-U >7'm^3 2 2 0 A-NjtfSSff Ztl&frl> Ul3r^. 
[0182] 

T?^X£Sh^SfI^'*£^T\ Sr?5XWLAN3 24 Ofcfctf£S*{±, ^-v 
*>k£BaU b'-rJV3 2 0 5S:S^1LT. «*{CT^-t^r*ii:*ISiS. £*>W 
tiswrii, ikt¥v4Bjli*ai^SBiai<?5lirc*4. p i f s 3 2 3 0(Dti:, $t?5x 

BafffI-^-3 24 5$rllff-rS. S^Wv-y^l-^ £<D«flg££g?fr&«Cffl^&ft&;ep 

^(OffilOft^Sffl^fLS^t UX&V^ B£#fl-f-3 2 4 5^gfi4EH(Cfc^K#STA 
li, ff^7Xr^-feXSJ^3 2 5 0<^&TiT^*/W£T?-b:X^&£i: *jKJtS*»t> 
Uft/SrV*. HJFJB 2 5 OtilOJiLtOTDD MAC71/-AK03 2 6 0 (<I«9 
#IJT1i3 2 6 0A-N) „ TDD MAC7l/-Ag^3 2 6 Ofe&M<nBj$X°fo&fyk 

Ltttt\i\ * cdmis. £ £ t»a l juntas 1 oui± **t» . 

[0183] 

, 7XAPtJ:4 0 m s e cttt 2 0 m s e c Cfe W t^l^iStl. ) . 5 
■Sfc, ^T^xXAP{4«^<5Dft^-SrfflV^^i>t^V\ Wilf, CTS/RTS4fcli 

§t l v * c f p £ a*irr § mf t - 3 y^iifi $ n i> a> t ui* ^ . 

[0184] 

7X.cvmffi3 2 5 Ocr,m. gSltOTDD MAC71/- AHScOMiklTeOjI^S 
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Xb±<JDUT^^-rb"-3y+F-CCH^jlflt- F-CCH«it, -g|«MI 
MO^n 7 b£;gtflU S TA^'M I MOf-r^/K^iElS^ailSfflSrA^tffMT't £ 
j;3tc-tl>o — Hj56M:&v>T, I7>ffj)/'; t ) 2 jl^oMv ^OFDMi/y ^';L'"C"ffiii.7^ 

#ffc^#^ft£^ LiX^^ diX{i:. JilWOMACy'U— Aft<7)F-TCH£vj3j;^8 

i»m i moam p 7 f is> tf)v~cM$L^tihfri> Lti^z. t mmth . v>y 

TCHi5^ffiBScStL-S,^t, Ul&V\ , ^H#*T\ U > h±£0 

-r^TOS*{4?^TD D MAC 7 AKrartfjl^X^-^.x- 'J >7%tittm 
XmWthmWfiX'tX^h . Jfll^TDD MAC7 P — Ap£ fUHcInK TDD MAC 

[0185] 

Jd&Ltzi oi.z. «?5Xg*ll C SMA^-xoi&#£§imhr\ h&mKMz. 
H\ B£ffBSSrtcOVK^*^{it-^T^STA#"Sf^7XAPjMfifl-^5:SflL^^ 

[0186] 

j«Kr-trr3i^*iefM-4fc«><?5*ffi«3 3 o o zm^-tz . Wi/n 7^3310 

iiT, gi2<^STA^Mfi^£f r -?£^LT^£m^STA£>'r?-fc.X 

*BEfffi#*fflV^TJ«t*S^U7^-6. 7"n7?3 3 3 0CJ3^t, IlWSTAttSS 
ft-f- (A-fo v btff3) *J|S2tf>STAfcia{t*N&. iffliSfut^-f n«y hfca£oT, 
|g 2 CO S T A(±f-v ai^t S £ t tfTS !», g2« STA|Jf+^7 4 - K A -7 
?£S51tf>STA(cjaBT4. fct, 7"a7^3 340Hm, Il^SSIifA-* 

3 3 5 OCfeUt, ^ltfOSTAJ^^ o>y hfc iVWfaStl^-r-^ £ 7 -f — F^ y ? 
tCjtEtT^2<?Dffi7l5fcilift^--$ 0 7"D 7 73360Cii^t, SS2cOSTA(iJill c^ST 

^•tciO. yn7?3330K3360S, Z Z fcHSSLfc <t o SrSaKr^ffitJ it/St 
l¥ ^ X r- A^CDESJi £ ffl V vt Hfl-r & ; t ifiT% h . S T A SS5#: & ? U Ti~ h t , 

mmit. W£ro7?337 0(cH^§n.l. 7'O7^3310M-jTKi\ 
[0187] 

/Mit£#WM-& . £<«=i>vvc s PCFiiJ:t^HCFiiiRfflS*iTv^=5rv\ ^ 

STA«CO|f^7XSTA (£>ti±. AP) fcc^aff £SMLTl^iSl=i-. -fc^STA 

li^-Y^*Mffi-r* . l «j*f3«#fi, +^M i moam n ■/ hfc «fc trssHE£«L£ 
-rSW^^-r^^ y-fe-i^tjai. C T Sfe iy'RT S(if «fe Lfc^^ ? 
yT^&fcfcW&btl&a^ Ux&V\ ^Lft^STA^7-l:-y!iSTA BSS 
ID, STA MAC I D, £> J: t*' i*fl$fc S T A MAC ID (M^TV^If) 

^Miimift^j:i\ *Bse#jda6stTv^4 sta^bss i DS-fr/Wfiia* 1 

>:W:j;^ ffifa#fflv^*vc^&%£\ staii ^^'jMfi«i&]^ who 
ftSHIiiE*lltr^4iefS3& t *S i; 3 j^WrcS 4 . STAi 5 , BSS £HB LT V * 
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Z <7)i%-&m v^fth <&Wl£% v ^ b te&M?) Z b o 
[0188] 

*Tflfitr&4. LA»U STAA>*M*SBSStIt*&. S8Bll*BIB6LfcSTA|ffl««l 

JEgLTl^S ST ASftatiH&S B S SffltOfifcffllSSMiETS h . 
[0189] 

/Jn¥*D2*^H (MMSE) KSa*fflv^4*&BA**43&»fc Ux^\ — JEfilrtl^^ 

fcfc4j&vi>UvSr^. STAtff-^/W^WittW^ifctofc:, S I F S Kia**MUii$ 
ifx-g^t Lilted. 
[0190] 

f-**;W5»ffitejS5lW-4#£, M I MO^M n 7 13405 
^iSflSft.. 4 1 O^'fK,, /7-fe-yfiBSS I D. HBfeS TARMAC 

ID. fcirfibiPoTVtfUf. SflTtSTAcDMAC I D £-&tfj&»i> Lft&V^ CT 

v>. JCE^S st a 10 6 BJiflftSixfc^M o - y h 3 4 2 o £i£flH"5 . HtSJfc^fc 
j; W— h 7 — F^y 7 3 4 2 5 *^flt^< „ ffi|ftj§*ut^>f n >y h 3 4 2 0 J4S* 
fi^-3 4 1 0^<a«$a^S I FS34 1 a#7^t^yli s 8 0 2 

. 1 1 T?-feX;tf -4 y h X'h h— HMsMtfev , SIFS jWMBfcTft 4 i f: SSV^SJ 
-Tt. JSKSfSffcfU 0 6 Blif + WJ»S»5^ . H3 4tl¥34Lfca^^jHm 

fiw. er-era^^^T^iit^-Y^/tflBWSriHW-ftfcfefc, flits i fs 

[0191] 

2 5t»<fl||6l$*Ut^>fn«y K ±5 iVf-^ 3 4 3 5 « , ^tOl^-h 
7-f — KAy^fcfieoTiB&STAl 0 6A*»6J6SSTA1 0 6 B^iSftS^X^ . -x- 
734 3 5l:S^T. JS^STA 10 6 B{±fiftj$ix^yM a -y V 3 4 4 0 $i X imMM 

&m/izu—hfflm3 4 4 5&m.mt&. ztiizmtx. H3*&sss*i o 6 a*±, -r-7 3 
455 a^a^iflwasfufc;^ D./13450 Sriifi-ri. . 

[0192] 

iK^tUi^^ H3 4tc^§ix^r^^\ JSgSTAJi-r— zm&frh Ux&v^U 

^is6tcEl3 4^§iiS-b7^ybSrffl^.^Six4^^Lix^^ 0 
[0193] 

2oJil±OB s Ssifct-^ '^S^ WS^8^**/kftg**S*U - b £B 
[0194] 
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Kfl^*— XA«l4»W«affliaB? (DFS) T2fc4. BSSSiEi-fSUt:, WL 
AN(±, BSSfc^4i^*i|^ftfc»^)ita««iHR»IS (FA) *®.fc?&tz& 

. API! 385BSe*J:VAP|^NyH*7*l«fc^«fctofc3fiByxh&*J^«3&» 
i> Ux&V^ WLANtl MAC71/-A^>f S^SrifiBSBSS (StfcftT 

[0195] 

Kf2^*— XAWIiBS SIHTOC**. DFS^JII?>ISL APJiifil^B S SCO?4 

, ^ < fc fcS^fcjfiJ&LT |Bl t F A_fCi&ft LT l^BSS|«ii^mAC7 A 
P(±5V^»i*r*4) , ffitCSflSAPIt ra3*ifcAP(c*<o^0>Wi£tfiL, 
[0196] 

m3<DX#—Xj*m&fM£&rrri h ^vx-foh . isits f at-b ss^-a? ^rt 

s #BSSc0b9b'7^(i;. je^BSSA^c7)^«fe^iEV^^T-f- J r*;PSrftffl v C- 
l§„ -T^TcOzt-^ •/TLT^S B S ScofST^Wfrfcrti.S^fc Uv5rV\ ^Jitf 
, 2-9^-A7 7 7UBSST, lO^)AP^MS§«0MAC7l/- fl6<5DA 
P^l#^MAC71/-A^fflUS. 30(?34-— ^^«yTLitBSST(i. S*«43 

a. Bssrtwt^sTAfcw-i^-f $ ^fcEaerarissriM 7Mzmm.-t&, i 

(OWKtiVvtW:, ^TOi B S S £^-^7 77$tl. d . 

[0197] 

|^4C0^^— XAOMtiSTA^COSIBIWrS)^,, 2-?c7)B S S^^Sf 
:kll«riTfti« t , *-^5vTLfcfR»0»fLV^STAJipl|^rtai*CS4. ST A 
[JSBSS^^fSy^£L, " fL5rW*-^|g&-rS - 1 ^'T'^ h . STA 

^. 71/- ^RHMliBCH plains iO^ttfUS:^*— ^■y^LTV** 
BSSMa ^fc(C7^^ U XA jR-ftfi i fc 4 . 
[0198] 

[0199] 

mwimm&xmtteizmemizztLtzmizAPizx gups uisrv*. 

fA^^f SJ^ii, j£<(7)yXfA(;MtSt<t<?)FA§rMtl>;fc(Cj;- 5 t, 

SH^4fc*>fcffl^6:h.4j&»fc UflSrV*. APIi4MAC7l/-A»fef-3>' 
^MDjM^tiAiaSrftjoT^S, i#t6f5b:— n^li^^^^jLjR^J (Mili'ftS 1 6 
) TX^—Ztl&friiLtltc^. Ltzifi-oX^ AP^fciiSTA^t'^tli, 
vTLT^4BSSfcSs5£-$-*rtyfcfc. n-*MPW^a7hiME«£ (PSM) Sr 
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~$%>?4 $>yt%>^j>y*m^hfri>Ltv%:^« Bss^-^7 77n^, -eft 

^OBSS^t'l.^m^AP*ifflS«fi^-S^ai<Ii;A i 'T§^V'>Jl-^. S TAX3 
H4ifiBK)APfcJ:-3T«®WC**3&»fcL,*i*V^ *-<0*S*, *tf>AP, HXm&n 

F A TB f iJffl § #1 S A 1 1> Uu5rV*£ t l;&S«>: i: . 
[0200] 

tfua:^ 3aiM<^APfc:siajs*L*v^*/^j t .^'<-&aK'r«) . -r 

^tcwc-*****-**^ fttn^^fim-^U'^ <rsd tm-rsw^sft 

\^AP lz£-oXWmm%tLi>fyl>l-tL^^, ^-C&WUf. — StSSMfckV^T. APt= 
[0201] 

m^^tvrzx?m$*7*)Vi/3.*)rt—4 yf-y^xizMmtx^^. vtztf-ox * apo 

tJ^t^yaffOSfflUl,. APjlWt^yii/A'-j^^. AP07L/ 

-A# ? y ? = j mmtftizzn? v-^ft^y? £ o fcrti . 

[0202] 

WBttAI*, tMttiXWmfZtL&BXnm* APimmcOAPh'-ayteXV/t 

0mmmmitm±-t&« <r*u4, &mt*$>v). gps, s^iiv^tL^ffe^tWaia 
miizBmt&z.t&?*&. l-oco^xT-^mmLtzm. o-^^fsy/ii^fc 

tot, Bti^tLS. AP#. M^S2ia±cr.vX-fA^M^-g.H#S'J*T''|flff5L-CV^i 
rA*i|5jtJ5^ifefJS (FA) t*M^Lt^4«^', APlii 9^APfc<7MKj|£a» 

mALLtzmifTmf^^m^<^AP^^Mz^^^^ijLiti:\K »tu*ap 

fufi:^. iWi^OjSPS^AP^LTMDil^ix-I.^^Ln.^v^ §RU*APIi2J£l 

£SEirc**u t^t««AP»-i7)^^y/(:Hlti.;t* ! t^^i« 

14. iTt^AP{4ifi^APC0V^-m*HC|BI^-r-l»* 1 i LMU t 
[0203] 

»^^S^'«Mf5ASftcAPtJ:oTllfi : Sti.^*^L^l\ _Lto£<£J: 3 
D F SI^C i S B S 'y ^ J: . HXVmM^i&Wk't^B 

jWMtffl*U*. (-r^r^*>. l o«F AtMftW^«J«^^B s Sli, lo 
J2Lb*>3SRB s s tH«t*^U4Jtfitr*4> ! 5r^B S S i 0»WCft44»{) Ui&^ 
) o ngBft, *rL^AP(4^ix^3iLT^-g»a/hRSL^*LTV^FASrafKt"^* i 
fcUifrv* dh5r*>^ i£mcDAP£M^&t$^ ifclixa-JMtl) . SSHWfc:. A 
PliSTAHAPy^o-y >a^ttt-3V^T«RW-43&»fcLtL*^. API! Jfc 

T§l*iBiS<l4APfcfcJt&^*U^l^)Wfll*^riEi:'^-436»t>L*l*V^. RSLK 
[0204] 
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ffi3 2msec {tthh 1 6<73ji$gL*:MAC 71/- Ab"-r?y ) t£^U\ ST A 
[0205] 

-rs^fcwsr*-*. ^AP^b'-ay^tflt^ffffi^frr^^^LtL^v^ # 

STAIl 94 5 y^fcR«tAPltl«^*^<0^j^APfci|^^4feft<0U b 
[0206] 

T?-r^ 7'iSTAIi, |H|C.FAT»fftT^4BBS^)APA«, iaBl^x-f A(?yfiPSS 

■T4J:afc:S*S*Li*>tU*i.=ar^. i#i*S«fc-f 4tt#*J6rffiJi, MAC7k-Art 
fc. ^3&»=3r*h5b-y^fcWUT«>AP!6*ffl^*^«MiaB (flUifFCH fc RCH-fe;/ 
jrfyhcoHJ) £M*b&ztTfo&» mM&Mcofflmm±. ^-coAPteHElLTv^STA 
t j£$f A P ^H?S LTV ^ S T A^fa^ft^fEMSM^^a a <! <t mcti S fIJK 

0>&Z k%3&ZtL&fri> Lil&\* (M£&. 1 60f77 , Jfcli2OFDM^y-W) . 
fiflitf, ^t/l-ya^A-^j SMV^APtCWiSW-BSTAIi. Mac7 V—Ixi] *7 
y^=0<^*&»i«fc, xn-*ili®^-ft3&»i,tft.*V\ xr?-{£ N jfiHAPasfipfcfclft 
SBU *«l^«APV->'rtiOSTAt^W^ ; frf-S t l fcs&^Si-SfcfttiMKrfMli 

[0207] 

»*ffl^4ifc**TS*. «C**AftTSMWiftb0t:. APIiMAC7 

i/-A^f7>-^ t nnLtzffimmj)^"/ 9*y*m^h&i> tti^\ 

[0208] 

— i^J t LT„ 2 9£0 A P ^|5] t F AT-B^ LX^tb Ufet & . A P Jg<T 
^tfrt&i:, St^m^J^'-y 9*7tfV *iSS-f--l.^i> Ut3rV\ #Ji.Ji\ Wftc^A 
P(i. MAC71/— iOTft^vl^JP tot. MAC71/-A1TP tot (15/16 
) ■ ■ ■MAC7l/-2,15tPtot/16?:I i F§t§A7^^7MJffi^l>. AP 

ifinnLxa*)^ zti&coyu— -Kij-yv 9^9 tfLx^&tztb^ K%t><r>AP^—v 

t|3|B#H(ife*C«73^fflV^VV #APy'-y^STA#, ^Sg^ft i>7v£ vvx/i/— r 
v hTiWM-4i t&X'%&^v9*7^9-y*MIRi-&ZtrfB&1X'foh, 
[0209] 

^ji^afcAPtioTfflV^itS^'-y^^^^^^-yJi^mS^^^^V^M 
yjrXyrtf—y&m^kti&lpbLtuti:^. m^t>ii&J<-y9*7^9->iZ. bch 

ft&xvAPttzmmLx^&sTAizx-oxmmztifc^-ftx*. APizx-oxmmz 

ti&fri> Litter. 

[0210] 

>^v9*7tt<nm,i*wmm%Mzwig.%n.tzw& 1 1 o nffitis^mtits-^- 
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6,493,331" Method and apparatus for controlling transmissions of a communication 
s systems" (mmi'XT&0^*Mmt&t:#Wjj&bmglt) td¥»3*VO>4 

#H3tT±Ti¥3^t^J;a^rMAC7k— A<7)#|1 5 0 02r7jr?\ XPyhKS5 3 1 0 
^"^^itTV^xn-y h^E— K#*A£:h.&. xn7bEH5 3 10lt M I MO^M 
P-y 3 1 5io£lfXU -y r-df'-v yT5 3 2 0 2r#tf„ H^L/t i 3 {^Mn-y h 

53 1 5l±, EDCA^ia^-ffillJ^oTKl^'f-^ffl^S* (AP d&T* 
^^^• J r^;PSr5|«-r-S.^46CcJfA$ttl>o ^|g§tt^MAC7P— A 5 3 3 0J£, 
^$IJfP^S»-T-l.fci6^ffA$tL3t^M O-y h 5 3 1 5 tfttMAC7l/-Al 500J 

[0211] 

icOWC*3V^T. $J^cO@6ty/)/c#>C. 1. 024ms e c«fittiiliMAC7l/- 
A*ffl^l»a#802. 1 lyXfAJtetS. MAC71/- A(±|H|^tixS I 3 iZ 
2. 4 0 8ms e c tZW&Ztlhfri, LtV%^<, 9 — bb— 3ygf^^ (TBTT 
) fcfcWC. STA^NAVSrfSS-TS^t. STA£^^&rf>4kfiDC F PKBHft^ 
MtS. ^-'J^y^il^V^, BSSttJlt*STA(43Sfi^^ST 
ti&v\ Mtl^L/tidt. MWC APfi;RTS£iMtfJU STAC, BSS^y 
yr^&Jt*«l^tCTS£X3— Lft&lr - *. ZCOC T Sj^f^T^STAi 1 
^HJHtfc^S^a^fcUuS:^. ;«MC*i^T, MAC71/-A«:2. 

0 4 8msec <03|#T*&± Sit ZbtZi-oX. 'J v ?tem£:Ztl&fri> L 

-$-&S*<7)ffi<7)t,<?D) eox/l— T'y Mijff tfitfttticffiT"*"* i b * j5 5r< =Sr-S . 
[0212] 

£<*>0!fc*jvvc, W?5XAPIi***/l/*tlii^4fc«>«9C SMA&liJC3fB§ftS 
. L*>U ztitzttL-h* V-aytmmnsTA&^'fiifrZ'gmLXob't&Zb 

[0213] 

ifiMBSSj&*-lt»iB;&*i.Si:. ^XAPiib-rJV&SlflLT, ***/U£tiiffi 
tSIt^TIS. ffiCD^-— -f£#Mrf ifr? 7*AP tiffin ST A#f--\>*/l- 

Srffiffl-t^ Zbiffi<&5 ~%mgX-J U nr-y h^iiftf-S (-ftshhP I F S = 2 5// s 
ecj:!)!^ rVPSBIBh&fcSrV*) . 
[0214] 

|1IWLTV^*\ iJtti^PHST'fcS^^Lft^^ (tm2 0 0msecttH10 0 
msec) <, 
[0215] 

, J8HIEBSSJL— mj:->T3!ffiS:h.»«. e7XAPtl fiJfflT#§ h5t 

2r^. -^Sr*)^ §T?7Xb-nyJigr?9XAP?n>y;?C02. 048msecc0if 
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[0216] 

— LJuCrVi. ff^5XAP{±, STAWiMfifi^JaW^^-xh^Mn-y 
bt^-wS^'yT-r.SiatCSTA^X^^A-'jy^-r^^t, LfuSrV^ k (C&««<T 

[0217] 

t . a fcliA Ps&*i wKIBKc ST A*sMtoZivfc/U nvb Srilfi LT i^tv^ctii 

Si 3 tc, apa^D7 M4SM^M n-y h<30^=r;U>-j.^v^— {cfi^tL/O 

ixS^t Uv5r^ 0 STAfe it^P#M&&^*^A#A— 

^*/l^.x£IS{4 2Nffl<^;#A— £^tfj&>& Ufx&V^ N{I<JD#A— (4APfflfc:5Iffi$;fx 
, »9tt^*6ftfcAPfcH^4STAfflfcll«$:h., ^«STAttiSa<7)*-ffiT-^ix 

[0218] 

$r?7XAP#MS£STA^MfrrS*§-£\ STAsWJlrJ&OKIHfc:. AP^MfTTS 
FSiij^KIBKcijfcO, stcffifflfcftft^ttft-iv^ i*uWBi4tf5*KFCt«)fc, 

[0219] 

$r?7X^>*/P#J^{4S I FS (16/isec) cr>mMl,zmt)&tZtL&fri> Lti% 
[0220] 

RC HCVfflffifi 16/(sec UfUfcVvfctf), RC H(4fflSlffletStJtE'r 

RCHfl *f?9:*MAC#?-**fl<£IW»l, : 5:V*W^ ISff^-HTiWN-SJ: o 
43tc, F-RCHii, HSISfca^T. STAtfVvoTfcT^-feABMS^S 

[0221] 

HftfifflJ : jfc3igix£l8 0 2 . 1 1 MI MO WL AN 

ZCDMlzmiX . MIMO»/ill8 0 2. 1 1 WLANi«MS§fL 
J* •y-t-^Hiti; H«£pa*-rS . 3IS#(iWLAN<0«ii«WSflW-^-fe «y b^WM 

. 1 1 (omfcisx^&t&m^mmzmBizmi&zit&fzz 5 . 

[0222] 

ETFfcSaW* »tM(4Stff 8 02. 11a, 802. llg^STAk OfflSIffltt 
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MI MO OFDM AP£#tf. ZtllimtfAP b mMthtzhhl,Z%<r>k o <,Z%r3\ft> 
fi&. 1£-Jj£M&<7)£ztb, JUTCPRt^S £ otZ. IffSTAtiM I MO OFDM A 
PbWlmi~hZLbifi~C^h„ L-^L, MI MO OFDM APfiStff ST Ai^cOTV 

^SilitSTASr. BE#C0I6# (&#AP*»i:t(iSiJeDM I MO OFDM A P T*$> •§> 

LixSr^) *-»hif- b-T Sffi(7)A P L#uC:<^. 
[0223] 

MI MO OFDM STAil 80 2. 1 lat«i80 2. lis BSS^fcil 

APi«ffftL^Vtt±BSS (ibss) tmmT^&« Lit^t, -eoid&t&ffr:: 

SU, W^STAtl 802. 1 1 a. 802. llgfcM80 2. 1 1 e CO 
[0224] 

BE^iSitXM I MO OFDM S T A^B S S#> I B S SX'U t RFf-**;!^^* 
mx&WS&ff-Vtf— bZtlh, ^3g£>M I MO OFDM PHYX^l/k 
l1-JnS««^-v^^P* l BE#STA^SA$n.^r^J;3t. ilffi^&S 0 2 
. 11a. 80 2. 1 1 giTXX^? h^VX^i;COSJittSr^-3TV>|, 0 PLCP\7^ 
|*J (J^TtiS** - *) <Z)J£3gS I GNAL74— /H*liWfi E 802. 1 lOS I GNAL 
7 J-)VYbik%mm.t) :i %>&<, Bt#SIGNAL7-f-/l^*ffilRATEltl ff 

L^ppdum (jarfcB3aW-4) £?S6£J:3lcfS5E$2}i£, jgjesif&lfgfig (ac 

F) (lilT^Sa-f-S) l±K#STAi:MIMO OFDM STAi:<7)Hti*»ffS 
cOftW^fF^r-r-l. . 80 2. lie EDCA, 802. lie CAPfci^'SCAP 

axr^A-r* ) oiiraji;. APxyj^-^tm^rtxo^^ nmcoh'-aymm 

[0225] 

_fcj*L*:J:'3£,. HetBMACJi MIMO WLANf^jaJi^ioT "Ttgt^r-?^ 
[0226] 

PHY1/- hfciiMl*— KOMa^fcJ: 0. MI MO^^WOSEJISrJStRWtSHflB-C* 
[0227] 

PHY<7)ffi#*>B#ra1-if-fc"x£i. ftX;i~T^h (^Rfcfv/i^^T) «77'Jt 

%mz&^Tm-£^-xcr>MAC^m'C'&t>ti&fri>Lti%:\ l \ ifcli, awafSv^ft^ 
14** & t < t y : * - 'J y y £ m v vc n h ft & fri> ui& v \ *> nffiiu^ < 

[0228] 

t>5 — 3C0#'|4«i;«^MAC^fcffi^M^-^'— ^ KT'fcS, f^-X«MA 
[0229] 
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[0230] 

arizmmth macjkrwh:. so 2. 11 a a jzvs 02.11 gtmifsmm^ 

nla;i- (DLP) tsXV&Xitofny ?WStJttX#-XJ*&Z<?yto&i4rti. 
[0231] 

[HI] 



5^ 1 ffin 












MUX PDU £ fc f4 MPDU 


mac y A 


MPDU 


MAC 7^A77^Vb 


MUX PDU 


PPDU 


i&i^-Y^/^ y-fe— ^(BCH)^ 
mMT^-^^ yir— ^(CCH) 


SCHED * y-fe— 




SCHED ^ y-fc— 
CTRL J ir ^ ^ h 


TDD MAC !7 




F-TCH()li^[p] h7t5/^f+^) 


* ^ v? 3. - y V ^ $ tLfc ap-sta m% 


R-TCH(^[r) h 7 t >> ^ 7^^) 


STA-AP * 7c fit STA-STA itff 


A-TCH(T y ^ t? r 7 — 


$ flit EDC A * 7c 13 




Ml MO OFDM EDCA 


PCCH (t°T^— t°TM^-V^) 


PLCP — y ? SIGNAL y 4 K 


RCH 


FRACH 



[0232] 

SrSftst^l— A<7)tft 10tl±c7)MAC7l^— A (*Jtli, 77^^h) c7)^7°-fe;k 

-A (4«i77^yM 3 5 1 OCDftT^MtZmsbh* 7 U--AJM&(±JaTfc:iB* 
^&^rjEGffi£ffl^}Mw5>>£> Ul=5rV>, ft*tJMAC7k-A3 520liPSDU353 
Q*l&&£th. CCDPSDU(£!£— OPPDUhLTMfI3fl£^Ux3rV\ ft^MA 
C71/- A3 5 2 0ii. ffM^-^. flaifctiMW^y-fe/l^tU/S^P-A 
77^^M 3 5 1 0£-fttr*»& Ux3rl\ 4 Xi'—WWtfPbWfe * 7V-J±cr> 

[0233] 

icOMAC-l^l^?!'— AIMWi, -rCLT'l^L^ «t 3 *oIFSifc(4B 
IFS (S^>fc5lcTPSW-*^-^h7l'-AlBIIBH) CO&S^l'-AfclltWtSTA 
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c H E D 7 AttlOfcOT x o p a|gtti$£|££tt>& . A p#&R Ltzmw-commzm. 
JKoSSSTAfcfH*^ T'Jry/M I FStJH^S*L43&>*,L*i!arv^. itlSr. 
M A C - l/^/P y- V- - A iftift t EgiJ-T h tltb lZ P P D U Mffi t Hf^o 
[0234] 

tUCMIMO OFDM PLCP HEADER ( 2007 -f — S I GNAL 1 
fciys I GNAL 2 Ux&I^S I GN AL7 -f -/I- F£-£tf) , £ 

C-enCM I MO OFDMM/- — y?is>i$)V& (i>L£>*U£) ^< <. PPDU7* 
-Wb^Jii. S6t5feTH49-5 2*«Hl,TB(SJW4. M)MAC7^I1 

isj t am s t A^.3Mfs $ *i& ^ & i -?a±.(D% y± m\l 7 ^ - a * Jt a y 3 v v 

^liK^TMjtl.. (ja"PC»SW-SSCHEDj<-y-fe-i?ia. APs&»£>*»<0 
gflSTA^.cDTXOP«m* ; j2-'SItg^-ri) ) . Sf^ftS*^ LfL^rV^U— AtSit/ 

^jSit/Qo Sf-^7l/-A<7)MACs 7 ^i&TfcBfcW- 4 i 3 (CffiBI ^fl&frh L 
[0235] 

ilftMACii, *ttttC0&4 7t'— Afla&*fflV^4ifctJ:-3T. PHYM'CPLC 
P^-a*-\7 K, tsXT/TJ V)l>Mm$:m'Mz-fZ>^%-f&fri> LtU&M. -liiti 
, yU—J^^m^^zPLCPco^-y^im^^Mzy^—J^iMWtt^b, 
& JzV T X O P tzts v ^Tfflffl TOS:*^— x fcfttf>S6«ctt<Z>* £ 7 lx - 

A^^^vh'fcfci 0Jiiss*t4*»t) ums:^. — -frmmiz&^z. macii mmz 

XPHYI l zm@iZtlZ>^X77--ybcr>mm$:m%-tZ><, ^t^77^Vb 
ftL^MAC7l/-2,ll TXOP-kfaZ&^-t&tzMZ^vfZtL&frk LfL%\\ 
[0236] 

^^•7 V-J* £ T X O P F*]«g! 0 ^X^-XtlR^-T-i. i t **C# MAC 

{i^^u— ASr^^^v KtUTXOPW:8oTV^^?f7 hS^rSKfKOA 

V*. — lOltWfciSlv*:, Zcr>iiM?)7 7 7'*>h-imi 7U-Aj)fe "5*b*;l 6M<7j75 
^OtybidWHRSfl.*. ft#HJftMT'{4. £^RttK#3*i£l\&»fcUi5:V*. MAC 
■7]s—J>.0m'O0)75t'Xyh l±WfcCO T X O P fiMfi § j&» t> L*l* V ^ «tt«>5T X 
optcfcw^ a*:fi*Ui\ MACii^^tilfiSti/t^i-'— A.coyyfjOhlzML 

[0237] 

MKi-oTfflli^*!.*. StSSLfcS I GNAL7^-;l/Frt«PPDUt^X'7^-;^ 
[iMIMO OFDM PPD UMflff ^-<?>+M X ( O F DMS^stf/WOffe ) 2r^*f 4 

4, 

[0238] 
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I3 6CMAC\7^3 6 80, % fi\zWi< 7 ]^-A*#;3 6 5 0 (^f^h^ 
»N£-fttft&»fcL:h.£^) iSit^L— Afi^-/y;K;KFCS) 36 5 5 (ZCDM 
T{i4^^-r-yb) S-i-tfBtffMAC^l^— A3 6 0 0£Efirr&. <I<7)^*S*(?)M A 
C7L^-A7t-77Mi80 2. 1 1 e T¥M^tlX V>S . MAC^7^3 6 6 0I^7 
ASfltW^-f — /1/F3 6 10 (2^f-yh) . f*W^ay/I D7-f-^K3 6 
1 5 ( 23j-?T-f H . ^-^>-X$lJ«l7 4-/1^3 6 3 5 ( h ) . tiit^Q 

o SMfSP? -/l/h* 3 6 4 5 ( M ££>fc. 4 ASCOT H 4 — /V 

K, 7K^1 3620. 3625, 7^X3 3630, tiXlfT H 

3640 (W-fft6^f7 h ) 35p#£*U>„ ££. Ztl^CDTFlsXitZtl 
WTA. RA, SA, *5j:t^DAf:Wf*l.4)6»t,LfL^rV\ T A(±5SftS*OT Kl/X 

RAf4»fIS*C0TKl^T-&l>. SAJiiUfiTC^OTh'l/X-CfeSo DA(4 

[0239] 

^ < T */Wfc^— 7 U — A ^m*^ 7 V— A |*| £ tlX ^ £ , x — ? is 

iy'Qo SCO-f— ^71^-A^MAC^.-y^'{±J±ffi§#ll>^^LtL^V\ Qo S^'— ^7 
L--AtC^r^JEEffi§^MAC'vy^'^JS:lll3 7-3 9C^t„ FCS«at 
MAC^-y^fcitX dflHHfcSrt.***. *fc(MHHfc§*i£ri*) ^ a- F tUBLTltff 

[0240] 

03 7-3 9(,Z^fL& X oiZ^ 7l/-Ai ! M I MOf-^P PDU (^-f TO 00 0 
) £fflVVCjMfi£ixS%£\ ^'y^^-zH^il MAC71/-A3 6 0 0WMAC 
^-y^3 6 6 Ot^ASil. ^T-fe;HbL^MAC7l^— A. t"=5rt»*>. Ztl%rtl3 7 0 
5. 3805. ££143 9 0 5££j£$-S. ftfe^-y^-f-^K^MAC^'y/ii 
fi£56MAC^s.>y^ (-r^ri>^3 7 0 0. 380 0. ££(4390 0) tmttl&<, lO& 

±<?D^r-fe;Ht;iO«a. waits l^/^\irr—9yv— a (Qo s^-^Sr-^tf) iim 
»MAC7P- Aft^JfM^ftS^i L*i3rt\ -r-^T^-fyN'v—SrlSffl^^-, r 
-^££i4QoST r -^7P-A<7)^ n— Klii*^fl:$*i4a»t> Ufa5rV*. 
[0241] 

1^7/3 7 1 0(4*^71^— A (-ttl^'tl3 7 0 5. 3 8 0 5. ££{43 9 05) 
lzffiAZtltz&7l/- A (££i477^yh) feffASft*. ^yrfBBIi. JSTfcB 

A CO 7 U - A's >y r i ±%4I^ 7 * -)V H § 6&*-f 4 fcftfcJEBBS *i* L fuflr v > . 03 
7CKl^71/-A3 7 0 514. 4 liCO-T^T^T* Hl'XtJ itJf-r a \s— is a >7 

[0242] 

^maimi^^ p~A^'aft§3fx£fit(4. ffinwuw? u-^mma^u^mm-mr 

Fl^x£!ft5&t£#g{4&^ < , ^JoJ^ISI— •C-*.4£* v C-fe4„ L£^'oT. 
. 3620i:7H^2, 3 6 2 5 i4#B&$tl-g>7>i UxSrV"*. fiV-y a > / ID7 
4-/P-F36 1 5<4m«J7U-A|*Jc7)f^e7U'-AH^(s6^fL-g.^S{4^V^ fiV- 
>-(4NAV*^^-S£ftt=fflV^fLS*«t> L/fvSrV^ faWy ay/ID7^- 
/H ; t4*KJlt^-crv>Ti&ft^fi: : 3rS. zK-U -y-fe— ^tt3V>T{4. fjy-ya/ 
/ID7^-;H"l±7?-feXID (AID) £-£tf. ^«ffi<y)^< >y i^&V vci4. |5) 
t7-f-;H^{4NAV2r^S-ri.£y><50T r iL— yjy^igtl,. A3 
8 0 5^a3 8CIS«„ 
[0243] 

Eaft^fUMKTKi:**. TK1^X3. 3630t7K^4, 3640i4K l 9 

HfeWl**»t)Liii*, ^O^H. H39CSt7l/-A390 5h^l»„ 
[0244] 
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[0245] 

tttfif&fc, *^7f7^)^'isi^i»^, aecSfifc^l'— Afijffltx 
[0246] 

H4 o\ l zwh^vy<r>m3 710 ^m^s, mm^-y-fy < -)W\$m i mot-^ 

mZh.Ti^t>^fj\ tfzt" CDffM* 1 i jjc*Tfctf>£> ) 2t'7b <?m*^ -y ^TFM 7 4 - 
K4 0 1 OiS&tfl 2t'7 N^ftS^-Zl^'Sr^t*. m£0 0 7]s-J±lZ^y VEffit: 
ffl^fr^. fiV-ya^/ID, TFI/XK fcj:y'7Fl/X2 

7<f-;Ph'2r55ti5^<. Ml07l^-Ali, ffMO 1 AfcH^]Kl3lifcW^fc:7 
^ — /H*#*& "3 , S^C7KVX3t7HUX47-f-;VKtK^<, 
*Sc?57-f — /H<4 0 3 011 :*?x>y N"CaLfcffi«3*Lfc^ v ^£»o7U— Aft* 
jjrT. 2fvh4 0 2 0(«f*$ti-CV^ o JH^y «i2 {C^ . 
[«2] 



^2 



f" ?/ h 0 


h 1 




0 


0 




0 


1 


"f^. 1 — is 3 V/HX r KV^ 1 SoJct^T Kl^ 2 CO 


1 


0 


fa I — >-3 ^/ID, T U T RW* 2, 


1 


1 


5if* 



[0247] 

i tfO— SBftMKfi v . V-A rt^T) r-fe/Wfc Lfc^T WMItS itXBIW^ P 

7n-7M, rD-7M, faryyx-y 3 x sse, a ± vara*, 

: t"=5r*?%B 1 o c kAc tfci^B lockAck Re quest. -ft#HJfiW-fc 
[0248] 

mmmmmmm 

}gj£SIWfitit£ (ACF) fiHCCAfeJlt^EDCAtfOfifcSST&O. M I MO PHY 
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^xyj^-^yf^tifzT^^xwmyu-^ ( scap) co— mffiMi fflvrfZ. S 

CHED^7t-y4 120Jffl^t, APIt m&ftZ 1 oJ^LhOA P - S TA, ST A 
-APS Jtti STA-STAOTXOPJ, Xir^ a— U >7'$fLtzT7-tXMF3t LT 

mtm^^'J^~')y^^titzmt\t^A lAotLxm^tih* sched^ 7 

1 2 0(i±T'l¥aL5tBt#HCCA^-'jy^tt#T-*S„ -H»Jt^V^T 
, SCAP^rf§il±4msectJ)l., 
[0249] 

xy-j^-^y^^fitzmmm^A 1 4 o^j?ria4 1 izm^t lt^-t „ ; 

s AP^A>STA^O?3ifift-^4 1 4 2 . STA^A,AP^ilift^4 1 4 4. fcit/' 
STA^^STA^OMflfl-f'4 1 4 6 £-^/CT-V>£ 0 i<7)W3fc W£ , AP|±STA 
4 142A,-3Ht'STA 4 142B, XCSTA G-'V 4 1 4 2 C jH 

fi^M.. iMfiTc (ap> n&mmmmzmLxm-T$)&fzbb. ^vy-tfzti^rx 

s txopopjjutk^s,, (Jf>7/x^- xcD^M^^^T'pa^tiS^ ) c\cr>m 

^IZ&\^X. APt>^STA^.cr,^iSit^4 1 4 2fi0fJL STA CjaAP^if L 4 1 
4 4A, *C^7 7"«i, SAT G«±AP^.jlftL4 144B, §^tO|'t^7 
y'COm. STA E(iAP4 1 44C/v}lft'f-^ 0 SC, hT7-t7TXO P 4 1 4 6 
tfX'r-JzL-^V^^fLh, Z\<7)igr&. STA E^fI^;(STA F^fff ■!> ) b 

Lxm&fzib. sta Ecoi*fi«^t^-ft^^%^{4. vr^mx^tt^mt 

^dT-^itixif B I FS^'yTiWB^ft&^UuS:^. iljDOSTA-ST 

t x o p B^mmmm^M^frTfo a . -y siodx 

[0250] 

x7-'Ja.~'jyy^fttzT^-^xmm4 i 3011 s^y^r^-tex^-v* 

;P (FRACH) Mft (f l :tSTA*Sffl3SSStl.^tL^^ (C#^^il^FR 
ACHjfJH!4 1 SOfciV/i-tliMIMO STA^EDCA^JUI£fflVi.g,*>£> 
I^MIMO OFDM ED C A 4 1 6 0 COfflm^Stsfrh UfX&V^ lilt^^ 
-Xc^T^-tXfi)!P Q l(iSCAPtcMt"l>NAVfS?gtCj;oTf*iiStl.-&. M I MO OF 
DM EDCA4 160C0i^ MIMO STAIi, &#ST A£M-&-f S^SrUC 

r ^ - t ^-r * fc» t e d c a#mh * ffl ^ 4 . t" *> ^ ^«it § *t/> n&mmcomm 

APtl «KSfLfc«^J«fflfc:TXOP^*-^A- u t*v^. 
[0251] 

MIMO STA^'iti^tttS^^ SCAPCttl.NAVi±SCHED7l/-A 
^falz-yg ^7-*— /l^KCJ: O^SS^^t UxSrV"* ( SCHED7U— A(CO 

fi. BSScD^TWSTAt^ttSSCAP^LTNAVSrte-f-Sfc^t, CTS 
-t o-Se 1 f (IBWTS) 4 11 Of SCHED71/-A4 1 2 0fc3fcfi : 3-£& 

[0252] 

iSOHSfiMcfc^T. MIMO STAIiSCAP««HCio s SCAP ftTjUfi't' 
& STAJi, SCAPi^bSlw^SKfc&P I F SSBRKC-t-OTXO P £ 

S^SrWUi'&^V^ MIMO STAI1 Atya-'Jy^tlfcTXOPO 
if#tC^V\ fIJST ^.fLTtTXO P*«^^,|fr^-f <7)Mft^5ST§*l> o £*tfc±"5. 

ioxtya-y yy^titz sTAii. f-r^/^rw F/Hflirr**;: t £«!*ir$-& <r 

[0253] 
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SCHED^ y-fe— >?4 1 2 OliXSrSxA — yy^£^#>5 0 TXOP (AP-STA 
s STA-AP, t3±t^/i>ta. STA-STA) Ofg(±SCHED7 W A|*|<7)C 
TRLJSi (04 5 1 5-4 5 30. KATTl¥M"f"S ) tC*4*tS * SCHED 

^ y-fe— S^(i. fc Lfttlif FRACH4 1 5 0Cfffl^SCAP4 1 0 (XOStfh fcitf 
. fcL&fttTEDCAlMM 1 6 0K»^4^S*Lfe»*tSft4A»fcLtL=3rV^ x$r 
ya - y V/SilfcTXO PfflStf S C HE D7l/-ArtC*i*lT^4V^ SC A 

(ffl^FRACH^) WACiiStlSo 
[0254] 

SCAPcor^W^^, X^r^^-yy^Sttfc. 4«iI-&^(7)TXOP(7) 
^SttACF^tBSjKR'T^S^S^fc Ut*^o ^<?DlS*Wtt5^T. bT— 3>1Xia 
tf>H. SCAP^)I§(SftL^\ *^*St4ACF|B*^T*S*L«3&*t>UfL=Sr^ 
• ACFgS^JfiSCAPl? ( 1 0t7h) . S^OSCAP TXOPft^ ( 1 0 
b>M . HIES (GIFS) fflfel* (4t'7b) „ fciVFRACH RESP 
ONSE (4t'7h) SCAP^SJlSffi^b*— nyKHKStf SCAPcT) 

W7 4~}VY\$4jJLa e c*fiT^ft§il§ 0 i^SCAP TXO 
Pl^fiSCAP ^IB<A**^fT»T XOPl^f, f07^;PMi4^sec*fi 
GI FSffll^iiM^SX^ji.— U^S^lfcSTA TXOP<7) 
#-KKH?2b4c f ^07 >f -/I/Kii8 0 0 n s e cf Kt^K^S, F R AC H 
RESPONSE(iSCAP*fit*§<lSo APll FRACH RESPONSE 
SCAPrt^^'jy^tTXOP^STAt^tiitti^T^ FRA 
C H P P D U wrSft LfcKftfcJESF L^miJS: &=3:^ 0 
[0255] 

B4 2C, SCAPA\ fc'^idCHCCAKit^EDCAKWjiLTfflV^ilS^i, 
L/isSrV^tBBi" o ufd^b^nygB (b— rr>-4 2 1 OA-ctftCM 
3fc) tfct^Tfcs APii. E D C Ai^XcOT^ tXOir H 1t:, 801. lie C 
APfeAtfM I MO OFDM S C AP *jtt^fcf05a4*4^=Cri*«**UT 

[0256] 

Lfc^T. APil ACF^ffl^T, HCCACfelKj:^:, U^lSCAPfflCO 
»!ra^MSTS#JllBmft*»^T»fPr6^fcU^V^ WiW. APfl PCFCfc 
Jt4J:oK:CFPt5J:t^CPtfflv^3&»i>Lit*^L. HCCAma3^-yy 
^SfLfettffffltcCAPtWST*^ 4fe{4X^^jL-uy^S*tfc»ffffltSCAP 
Stl3T4*»fcL:hA^. 042^tJ;5^ b-nyEfgftt. APIt Ste-*-* 
<7)T?*:X (EDCA) MfS4 22 0A-F, CAPUKIR 230A-F, feiVSCA 
PIH4 1 0 OA- IOffig^ffl^£ffll^£>t> Ufl&V^ (@4 2^M(1 jg*tf)7t 
»C CFP^Ul^\ ) APteA^i?*—VyyTfr^VXJ*&£tF*<nM{fc& 

^sajes**. w£<nx*i?*-vyfrttwmmztL&frh Liv&w apii 

[0257] 

HCCAtSiVBBaCAPtiiTRqBSilfco M^W&C AP^#IJ4 2 30&H42K 
St\ * 0 -y^"fI^4 2 34A^AP TXOP 4 23 2tl< 4 HCCA TXO 
P 4 2 3 6A^y 2 3 4 Ati< 0 5[|<?);f?-y ><?W%4 234 Bj&*j£ 

flSfU glJ^HCCA TXOP 42 36B«<, 
[0258] 

EDCA(lb?R^S*lfco ^W5:EDCAOM4 2 2 O£r04 2tSf, ffi^OE 
DCA TXOP 4222A-C^f 5 C F P{4<I COMT^W&StLS <> 
[0259] 
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H4 Ot. SCAP410011 StR6*F5rS2^e9CTS4 1 1 0. SCH 

ED4 1 2 0. akVfxy~J^^y^^KtzT9^^mmA 1 3 0t*», 04 1 T"f¥ 

[0260] 

API1 IilTOid^80 2. HODTIM. IWIh^b >y -/-fe-^ffl^ 
TX^^i-ijy^'SiXTtKlff^^-r.g.. DTIMil BSS^OAPS^ttSiJOST 
A^V^-^o^-^^^TLTV^r^-bX I D (AID) £9b"-y h"? >yT2r-E^t?, DT 
IM^mv^T. t-rjy^V^T. -T^T^M I MO nTf^ST A^'T^x -Y ^m^-i: 
fc"4& Xo^m^fth, mfUXlfMlMO STA<7)?^#StSBSS|;i>V^ 

, br-n^it^mffsTA^ft^x^^-u^^^^ m^mmm^-comm. 

IK: S TAIl S C A P ^S*{C*t LT X 'J "3 . f£^0 SCHEDy!7-fe- 

[0261] 

X<7)T?-txnm4 2 2 0T4MRS*fciK«SCAP4 1 0 0 £-atri»fls0!£jS-r. i 
05*— Kli, MI MO^QoS^n— j^feLfcWfRSSTAfc^fcSt&'JWBIfefflV^ft — 
^-C'\ MI MO Qo S70— {±SCAP<?^BIBI+t=^^A— U^Stl* «t IK 
#:0 r^iE^j mUz^Z . 4ms*utJ(BHIIfc«tOMIMO*3j:VJ8K?STA^)fc 
46c^ffi#*>B#ra-^- b'X # «TSg fc ^ S . 
[0262] 

Jiat?tJ;5tC, SCAP^SCHED^ -yb-^iKffSTAa^^ffiil^^^ 
<7)CTS ffi^BEfiWWRIS®*) I4ifiSFCli*V^ t'-3V4 2 1 Oii. Wx& 

mfcs TA^^t^tcos cap fcfiaw-sfcftfcgii *c f p srt&rr&^i, uvar^. 

[0263] 

KMIMO STAt co«3S-ft§^ffi#*>^l!i^{±. @4 4 fcja^flWMflSrffl 

tf. R/aWtaiEaBtfttSKSi-ifcV^ifc-C**. *^CFP4410tSuCP44 
2 02r5toZLT. APttb'-ay^jUft-tSo b'— :J>"4 2 1 0C9#>i: C IS#STA(; 
Mt-SJfeiH/v;^^-rXhj>(-yb-^^E<. ifcfc, SCAP4 1 00 (ij^M'f'S =t 5 
fc*^.*— U^SfLi. 4fc. i«IMN*— Hli, STAG'S CHED^ •y-b-^Sr 
MfifcftfcjSlBWfcT^x -f *) , S C A P mzX^r'J * 

- y y ^$^LT i v&i s c A P ElBIeolSlx y — r^WBfc:** L*i& t ftg 

[0264] 

MI MO STACOJtiibCOfSa^tLfc^^— XCDTf-tXte^ SCAP4 1 0 OCOX 
3-i>'j- — Vyy$fLfzT7 s £XMr34 1 3 OI,Z-£±tl&FRACH£.tz&M I MO ED 
C A&WLTm&Ztlh . BtffSTA{iCP4 4 2 OCOlSIt. ^fls^cOM^-XOT ^ 

uusri*. 

[0265] 

A P frmxtri?*.— U ^^S#l/ia«LfcaHim#(i SCHED7 AcOiMfSft^- 
fc-T <* X ^ a — U § ifx S £> LftS: V \ S C H E D 7 V— A tiT 'J T V 7" 

ix&frhVtvk^) . PLCPrur>-^';p«0!*Sfefc:5lc'CSftW-*. Xy--/Vjy 
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[0266] 

£(4\ STAG'S C HE y-fe— i^aPTC*****^ TX O P £f ffl-f£ <I fc{±T 
£\ APIl *ffifflWX^>>\x-Uy^§^TXOPW|IB4^«l P I FStfcUTil 
*UtTXOP<7)8BIBJ£CAP t LTfflv^^Ux&^o CAP^fa, AP{±loJil±C0 

sTAtcjSfi-r-i>*\ 4fei4STA&Jtc— yy^s^tL^i^. yy^ra-f- 

fix ^ a— "J y y>*£ *ut T X O P £ JBILfc STAi Jt{4E'J<7) S T AlW* 1 & LftS: I > 
[0267] 

XiriS 'J y ^3*UfcT X O P tfifL < »T^& ^(4 "3 N t^WfflV > 
tUx^, apii tti/x.— 'Jy^SiX!tTXOP«ft*liIftfi^-w*ITf*«l P I 

P (4*ffifflOX $r y a - y y y § ftfc t X O P coSflia 5r C A P fc L X ffl V ^ j5» t Ux^r ^ 

[0268] 

.BSLfciSfc, SCAP(4FRACHM««^C*»D§l?iK fc«fctf/*fcli, MI 
MO STAi6*EDCA^IH*MV^3&»fcL*l*V^at5J-*-*tn6»t>L*l*V^. Ztlt>(T)M 

^-^T^*^j^iscAPtdtrrsNAvs£(c«t-3Tfisas#i4*»fc ui&^ 

[0269] 

f: * S TAtfFWT*-* i i: t J: ot, ffiff^B^WX^ri^-y y ^ ^KtzWi^^fj: 
%><r>h-th» ^K§il3tEDCAiB^-. M I MO OFDM STAiJEDCA^-X 

&) . K#ZTi££fflVvt\ STAI1 TXOPfiJPa1SS4^(4MAC^.-/^rtc7)80 2. 
lie QoS$m7^-;lxHi*i^'N-y7r^^^-r^^LfL ; 5rV\ L£>U FRAC 

H(4Ht«K*iMw*-Jnwaw:*gK'ft*. frach« sTAti w&r 

XT R AC H^n 7 hrt<7)f t^l/tr^-feXf^fcftC, Xn/hffAl ohatS 
<Ktfe«^*fflt^**»fc Ux&W FRACH PPDU(4TXOPSgPa1S*Sr*t?^t> 

[0270] 

— HtftW;*3^T, M I M071— AjIfi(4iilTlC:pait/£M I MO PLCP^7^ f 
£fiOT-T£o 02. lib. 802. 11a, i5ilX802. 1 1 g STA(4M 

I MO PLCP^y^" (15 0Sr#BB^-clilT^lf5*-f"l> ) OS I GNAL 1 7 ^ — /y- 
Y<n&.W*rX*% htdsb- WIMO S TA#"ffffit-£*§1=i-«4M I MO 37 l^-A{4f£H 
nZ*mm£tl%:iftHt%:t>%:^, J5S#i> it/Ml MO STAWi^'ttfS^-, E 
DCATy 7 -feX#JHI£fflV^ STAJiftatOfcfttBESRTS/CTSifiJISfflV^Sj^fc 
LftSr^. gfc?RTS/CTSJ4. gtffT'JTyyVK PLCP\7^ fcitXMAC? 

[0271] 

M I M03iifi(48 0 2 . 1 1 e HC C Alzm&Ztlfz&M* #—XJ>,$:mRl~t&fri> 
LtV&^\ Lfo^T. AP^^STA^OiMffft^-. STA^6AP^-iJy/§ 
tifzmmim. £*:{4STA3&>£>M<7>STA (B»iJ^7Uh3^1^T^5) ^O 
iK-y^3*ifcS8Em-9tt, MffllSfutr^-fe^SBIffl (CAP) £fflwcflHIS;h.4a» 

[0272] 
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APJi. MIMOCOX^r-JjL — V >?%tlfcT?*Afflgl (SCAP) £JBH?STA#» 
[0273] 

AP(1 BSSt$4t4t^T<?)STA^MIMO P L C P^ ^y ft^S <I t 

ms^tWSt, t^a y^M I MOiMfF^t^tl. 0 ^ti&Ml 
MO BSStfe 
[0274] 

MI MO BSSCfe^T, EDCAfciVHCCAJOSTCDTTli, 7W 
M I MO PLC P^oy^fc itXM I MO O F D M b y*>X^y>/I 
OFDMM/^-y/yy^MfflU|)o M I MO BSST<Z>5SfIJ± 
MIMO PLCP*fflV^4 0 
[0275] 

BCO^T, TX O P^»I]tt S C H E 7 -fe^y^S^I) 0 MffSTAJJ. 
«tt#T>f bVHRJBft* ^ fc £i£5£-f S ^ f:*< . SCHED^ y-b-^ # fc:*S^iE« 

. SC AP<A|H^;*^>?*— U>^^ FS^LTS 

[0276] 

) ti. ^<kfc^r-KI FS (GIFS)^I FSfc*fc3£fIS*U». GI FScOf7 
^Hiji800nsectMo i Wl^fc LT J«:£iW-XM FS ( 

b i fs) 0>m&T:tmi$ii&frkLivQ:\\ gi FSJi±setfcACFlB^jKlt^S 

ti&frk Lti^\ immmmi±G i f s&j^b i Fstffit^atffli^^fc 

[0277] 

fs] — - OSTAj&»i^3fiRLfcM I MO OFDM PPDU^ffff-^ (TXOPA^ 
M J4B I FSHiot^fflSftl), 2. 4GHzfT*fWI > ^ BIFSIilO^ 
sectfLK *3t> MIMO OFDM PPDU|j:6^ s e cc^OFDMlf K3I 
£#S3rl\ 5GHzK»n^, BIFSIilOjusectfti, ftS^JfiMt 

aftsTAa«ff(»»j» (ago jwaim^Haioaiiiks^Tssjiat. 

[0278] 

SmSTA*^BP^JESSrS^S^l^-A{i:. MIMO OFDM PPDU^ffl^ 
TteSSftSfUS:^, ffcbOfc. ZtLbte. K+aWrlBBfPPDU. -r=5:*>*>2. 4GHz 

BE#t3±t^M I MO OFDM P P D U J ^IfttSJSO^ < ^^J* OTt^t 

[0279] 

ftfflt, MIMO OFDM P P D Uv^X h»i< MRT S/C T S 
6. SSfiSRMliBlT^aOTftS : SE#RTS-S I FS-ISKTS-S I FS-M I 
MO OFDM PPDU-B I FS-MI MO OFDM PPDU 0 2. 4GHzC 
fcWC. BRSERTS4fcttCTS PPDU(40FDM«-f«Si*ffl^S. SIFSfil 
O^sectW, SGHzfcfcVVCM:, OFDMffiSSJi^rV^. SIFS(il6^se 

[0280] 

2#It, MIMO OFDM PPDU^SEDCA TXO P £ s itfl 
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^M£l2lTcOM ] 9Tfo& : M I MO OFDM PPDU-B I FS-IBEffB lockA 
ckRequest-SIFS-ACK 0 EDCA TXOPJj;. 5SfiP5rT yX 

(AC) t*W-«EDCA#JISfflv^T!l»S*L4. ±fc:ffi*tfc«t'3fc:. edcaii 

ACSt, A I F S [AC] , CWm in [AC] . fcil/CWmax [AC] 3%■ 
M&£;^ 0 ^-^ £Mt Lft^ IBfcSB l ockAc 

kRe qu e s t tiff ^fiJSSSfcJi 1 6jus e c^OS I F SCO^-fftfyX*mm$tL& <> B 
lockAckRequestMIMO OFDM P P DUrttOftft7 

[0281] 

X*fo& : STA A MIMO OFDM P P D U - G I F S - S T A B M I MO 
OFDM PPDU.PPD UMflfI^\ fe*Ut Jfc*Jt §T X O P i 0 95 

STA A MIMO OFDM P P D U<OSSfHI ^COatT-f F^BBIBI*** 

[0282] 

±j6tfccfcdc w^ts^oFDMamm^a^it/ffiMs. smsta^ 

gJi. SfiSTAtWL, ACK*aiLs5rlttitf4fesSri^J; out, mmm^tm 

802. 1 1 atfcV^T. S I FSI^Hfil 6jLt s e ctSSStLSo 80 2. 1 1 
gtfeW, SIFSM1 lOjusectSSStlS^ }EjD^6ja s e c<7)OFD 

[0283] 

m i mo oFDMmmm^m^tmm^^^K^mmnm^m^h ukaio 

fcft. HfclSHCJiO. SOfcffltiS I FSifctiOFDMfi-^KSRftflBnS-BrS ±aCR 
ff-SfU ^^*S&*3&J--Ji«^SA»fc Lft3r^ 0 SPJtfci^, 80 2. lleco 
7'n 7 ^ AC i^'gg7 u 7 ^ A C K ^Mt ^ ^ t C J; 0, f^TOTIMO O 
FDM^S#fc*^4fl|II*ACK^B*tiH^S<l4. S I F S<^n4fcJi©#«3H 

[0284] 

SCHED^7^-y 

H4 lt#JHLT#AU § t^tf M§ S C HED^ 
SCHED^7-fe-y4 1 2 0(i. X^jl — U y^SftfcT^-te-XSIIS ( SCA 
P)<7>WSl£. l^£l_h^AP-STA, STA-AP, iSitPSTA-STA TXO 

U y^'feiVM^^--^-^ , y K W;c . at fc^FB I F S fcfifcSTS ^ o 
[0285] 

SCHED^v -b— 5^4 1 2 OJiS C AP^m^ya- U <> SCH 

ED^ 5/4 1 2 0fiMA^7^4 5 1 OSr^tf (H^JTIil 5^r-y b ) * 

— SU*Wt*3V^T. ^CTRLO. CTRL1, CTRL2. fcitfCTRL V 
b -fe^Vb4 5 15-4 5 3 OSr^ixmM^STt^t J£0£>£>3 t 

LT. CTRLJt^tS) tl nTSItfcoT, 6. 12. 1 8. i3 itf 2 4 Mb p 

[0286] 

MAC\7^4 5 1 0<50«(±. AWHP4 5 3 5 (2^T7M . taI/^h 

V4 540 (2*?ryM . BSSID4545 (6^7^ H . «Jj«a4 5 5 0 
(2t?f7M . i3±t/ f MAP4 5 5 5 (3^T7M &^t?o f^lz-yg^ 4 
— /H*4 5 4 0^t l 7 h 1 3-0iiv^f ^n-fe^yPtSCAP^StigtS, 
L/-y 3 y7^/l/M5 4 0!l MIMO OF DMMfl^T'# 4 STAC X oTffl^ 
SCAP^aBIBfc*M"4NAV*Se^4 0 R^STA#BSS*fc#^S»^ 
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L*U3:V*. — ^JSMfc&W?. SCAP«ft^ft±4msectfc|,„ BSSI 
D7^-;l/K4 54 5(iAPS-R£tli. 
[0287] 

124 6CtMi7 — ;kH4 5 5 0 ^ScT, 5 5 0it SCHED^y 

b 4 6 1 0 . 4 6 2 0 ( 2 t*«y h ) . a«S^4 6 3 0. tiit^S 

ftfl:^ 4 6 4 0 *-atr. a p ^fim^fc J: va pgftm*{im**wi7 -f H-ca^s 

tl-SaD-C-feD, STAaS«Jl«»^/HiSTA{CfcV^TMSS#L4. 
[0288] 

SCHEDtf^VMi, #SCHED}H{I ( *MTH 6 f •/ h ) t,Z&^XMMZtl& y 
4— }VYX*foh« -e<7)SCHED^^y h(4#b*— 3>T&mz&\iX ] J-tv h$tl&<, S 

[0289] 

m&tWJjyj — ;wh4 6 3 oaAP^fflv^Tv^iMfim^i-'^/p^a-f-. — hj&sw;:& 

WC, 4t*«y ^Kfc^T^98r#ft;3*l4. -fcoffifi. Mltfl^i^t^ 

) =t o fix/in-ffiv 4dB7t7 Tiarr^b Lfcirc* & . 

[0290] 

^fi«*7>f-;WH4 6 4 0ii. AP?1%S*i.4fj3tft^illt. — HlfcWfc 

. M^imm&l^^ (-82dBm) ±15 b'tttlim^frZ 4dBXf7 L 

fc«rc*4. sTAt7)Sfi«7jK^ts^v^T. sTAtiJiJiTcoi-pt^sojiiftmsji^ 

^£itJt^-&^i>LiV$r^„ STACOj&fl&j CdBm) = APffmXSM.il (dBm) 
+ AP<7)Sff«^ (dBm) -STA^OSilfl:^ (dBm) . 
[0291] 

— UttWfctiVvC, X^^-U^^S^STA-STA^fl^, MH-k^^h 
t4APti±VS@STA3CirC«#S#l43&»t> t^^«^K;PT"^l§^-S>« AP^ 
^^li^JfPU-^- hi«SSCHED7 ls—2*ff>VJl*gMy J —IVY A 5 5 Oti 0 „ 
S TA^^Mfim^K^^r^Jg-rS £ t j&*"CS , W»-fe^ y httA P-Cft-^SfL 
**>feUu3r^. i«OHRfi^JBHW4±TEl2 2*iBHUTS(5!Btfc. Xy-ya-'jy/ 
$ tit: S T A - S T AMmztt LX , A P T-m-^-r £ fcSW - £ «7J S T A 

-5 tcS-T ^tt^J fc PPDUli2 mmii V^}Vcr>mv^ff)VK)Vxmt^fL 

h. 

[0292] 

H4 7tCSrfMAP7^f — ;bh'4 5 5 5(4. SCAPiOFal. ffiffi^tutM-^-XCDT 
^•fe^JBIB«#fti:J(|llBgtJB^6. MAP7^-A-P4 5 5 5J4„ FRACH^-yy 
h4710, FRACH^"7-fe --/ F4720, ft ±IXE DCAt7-b y t- 4 7 3 0^tf 
. FRACH*'»h(7)«a|4 7 1 0 (4K7M {4. FRACH^7t 7 h4 7 2 0 ( 1 
Ot'7 h) titetS^y-ya-y y/§il/iFRAC HX07 bffMX'hh . #FRA 
CHXn7Hi28iisectliJ. FRACH*<7y HI* 5 '0' T'£>£ >! t (4. Sift 
COX y j, — ij y y £ tLfc T ^ -fe XfigPal tCi4 F R A C H J$|^#'3r Hfc^o-Ifc^sSLTH 
4. EDCA?t7t7 h4 7 3 OliffH$*UtED C AJffla<0H»&Tft6. EDCA^7 
-fe. y b^j4 7 3 0i41 0b"-y Itftl.. FRACHt7-b7F4 7 2 OftiVEDCA 
t7^7F4730iiSCHED7 AjMff <7fflf&tpt>ilb& N/isec . 
[0293] 

05 iZmmLTZMZjuXmiifrt&Xote, SCHED^'yfe-^"4 1 2 0mtSfe 
SCHED PPDU5100 (JFM0 0 10) tLXB^tlZ,* SCHEDyiy-fe-y 
4 12 0 rt«#4«tife J; V'C T R L 0 45 1 5, CTRL1 4520. CTRL 
2 4 52 5,MW:CTRL3 4 5 3 V h<7)j|§l4S C H E D PPDU5 
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1 0 0^)PLCP^7^S I GNAL7^-/1/F ( 5 1 2 0*5 it* 5 1 4 0 ) T^ti 

£ 0 

[0294] 

14 8CTXO P^)MS^5t^ S C H E Di»7U-AJMSf|) . CTRLO 4 
515, CTRL1 4520, CTRL2 45 2 5, ^i{/'CTRL3 4 530t 
?*yhCO&*&*J&M<7)h<r>T*fot). fr^&*tf-tfv£l±.cr>m^mm (W^4 8 2 
0. 4 84 0, 4860, fciV4880) £*tf. 1 6f 7 b^FCS ( -Wf*L4 8 
30, 4850, 4870, M'C489 0) fci^6^— ;bt> b (EItkL^V^) #C 
TRL Jt^y btttCjP^fe^So CTRL0^^yf4 5 15CSLT, FCSj&s 
MAC\7^4 5 1 0t3±tXCTRL0WSS*4 82 0 KfcfcoTfWSfU. ( Lfctf* 
*?T, MA^7^I4 8(50CTRL0 4 5 1 5t1a*SLT^"f) <> — H£fiW-i3 
V^T, CTRL 0 4 5 1 5tf)3fcfe0DFCS 4 8 3 0W\ MMS5*# S CTRL 0 -fe^ 

[0295] 

^tCpartS i 5^, API! SCHED7L/-ArttAP-STA, STA-AP 
, BitXSTA-STAiSft^-rSWSSrilft-r^o M5rSSTA^fJSg*ij:, * 
COmmm^P LCPM^SCHEDl/-b7^ —7b Hl*Ft STAti o fl£ 
id^, CTRL J^\XV bT3Mft£fl&* CTRL0KCTRL3I1 txKxb'K 
^jfeH"4<: fcfc:WJELT^4£ fctiiK^d £; d #STA(iSCHED PPDU^P 
LCP^^^a-^^ffl^^o SIGNAL7^-/l/Ni SCHED PPDUfl^ 
CTRLO, CTRL1, CTRL2, i3j;^CTRL3tWy b^Ott tU^t 
. STA^flHii, #W3W*£FCS*^I#L&#6. MA^v^iSiVCTRL 
0<tef*y hcom^£1&&>&o SflHtiCTRL 1 , CTRL2, fciVC TR L 3 t & 
* fc«#U F C S fcWBTS Srv^c T R L J -fe$0< y bT^T-T-S o 
[0296] 

TRL J*fxyhftteM.&iLttL&frl> Uufir^o 4HnSB*tt. SfiSTAT^-trX 
ID (AID) , SflSTA AID, X^jl— ij y/gftfcTXO P^HttWlFJ. *5 
± X ^Sol - U V ^£ T X O P ^Jfc^SgS o 
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*3 ^mmw*, 



(3 lfy h) 




y ^ — a* K 






000 






(1) 


40 




AP-STA 


Am 

txop wnus 


(16) 
(10) 
(10) 




001 


i/>y°Uy? * 


AID 


(16) 


39 




STA-AP 


txop wr^ft 


(10) 
(10) 




010 






(1) 


60 




AP-STA 


AID 

AP^^-7ir^ h 
APTXOP 

sta mt&^-y-ty b 

STATXOPfflP^ 


(16) 
(10) 
(10) 
(10) 
(10) 




on 




AID 


(16) 


55 




STA-STA 


S:{f AID 

ft;*: ppdu -^-r x 


(16) 
(10) 
(10) 




100 




AID1 


(16) 


75 




STA-STA 


AID2 

stai mbhJry^y v 

STAl S^C ppdu t^x 

siA2m^y^y V 

STA2 S^: PPDU -tM X 


(16) 
(10) 
(10) 
(10) 
(10) 





[0297] 

#£\ MMf<^X^A^IP (VoIP) 7n-^|,BS S|*J£0U<^£0 
STA^fg#^B#Hyn-T^^ 6 Lfc£^t\ SCHED71/-AI1 AP£>£>^< 

o^gmsTA (t^iaucPPDui») ^mm^mjzm&z^t&o 

[0298] 

x^^ht7^7h7^;^ni, sched^ 7^-y*ry ryy^^^rj^s 

[0299] 

x^r^^-u sta- st Amm^co^xcowimmmm^iz^Lx . t 
txop cDfi^tt^ mm ^ tifz ppdu omu^ p p d u Hf >f xa p p d u 

($^5rrCl¥arf £) I GNAL 1 7 4 -7k FT^SftS * 
[0300] 
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xyj^-v y^'^titzsTA- st Ammm^r (wi^wmn^o 1 its«tvi oo > 

i/ZMLX, i*PPDUf>fX7^;l/Ml ^4 0. 4//se c cDfgifc i: 3: § . 

— ISStWItCtSV^T. X^tSxjl — u ypztifc STA-STAiMfit^tT. TXO 
PlilPPDULA^^o SfSSTAti:. PPDU^OFDM^y^^Sri^t" 
4fcfttMS^^S*L4»*PPDUl?->fX*fflt^. (05 l*#SHLTJaTtei¥ 
arf£J:5t. PPDUf«7^/I/Mi SIGNAL10SS7^;^?lSSi 
Jt^&^T'&S) o STA-STA7P-#12W)#-PKffl (G I ) SflliftOF 
DMyy*Mfl^^ SftSTAfi. ^y^'jy^tltTXOP^MP 
PDUt^X^, M^S^SfL^ft^PPDU^XtCfS^S, STA-STA7 

^-^mm^tifzGi^mtfzoFDMyyTr^^my^^. SfisTAti. 10/9 

«tI*P P D Ut^f X7 L , -eWttTSfr ^tti 0. PPDU 

1M X*gSE^-4 0 iHfiS T AUtl^T ^ixfcft^P P D UlM X± DS^PPDU^ 
fi^4*»«>L*L3r^. PPDU^X{im^^^fcMAC^Wi,^#^^S«tStffi« 

[0301] 

mmi ssKsssts J: txsfi sta^wi^ii scap ^Bfcass* /uass-*- & 

i^ixt^^yy^fLtv^uSTATOffilHittS, ±T»A3WtSC 
HED^^yb7 — ;l^K*SV^aj^ SCHED^ ^/-fe-yHi^T^^yi-'J 
y^S*L?t#WSti. MflSTA AID. SftSTA AID. ^y^-'J^tl 

tTxop oymmn, » ± y ^ * - y >?zti*i txop ^«t^§*$ *ffi5&$- 

£ 0 SCHED^^y Mi. #SCHEDiIffB#tjD*:S^. #b*-n yiSfiB#^ U -fe >y 
a-y y/§ii3tTXOPMi3t(igf|JSim tiiS^i L^«t, W5SZ)S 

CHED^V hfitfltffiSfU.. STAI1 If^SCHED^^y bHf 0 S 

CHE 7^i/W^4ftftt^t7^X^«>lt44fr t» L^l\ 
[0302] 
PPDU7t-77 b 

H49^3t#802. 1 1 PPDU497OJ0^n, ^^)PPDUI1 PLCP 
7°iJ7y7/H97 5 ( 1 2 0FSMy^) . PLCP^v^4 9 1 0. TOPS 
DU4 94 5. 6 t'7 h(7)f 9 5 0, J; WMa 0 7 K4 9 5 5 5:ttr, PPD 
U497 0O^gP4 9 6 OtiK flF9ffc* = 1 /2£)B P S KSffllvCgygSftfi S I GN 
AL7 -f — /PF ( lOFDMyy*;!/) . tSitXS I GNAL4 9 8 0 T^SftS^IS 7 

hfiiVW hriSmSfLfiBrses-r— *-/H*4 9 8 5£*tf. plcp 
9 i o«i. S I GN AL4 9 8 OfciVl 6h'«y NWf— t"X7 4 —)VYA9 4 
0^#tfo (f-b"X7 ^;l/K(JDATA4 9 8 5^#^;fX. ^tf)? * — V >y Hcf£-> 
TiimStLS) o S INGNAL7>f^F4 98 0{J:WN4 9 15 (4h ,, 7 f) , I 
fiL!t7^-;PK4 9 2 0 (lb>b) . I§49 2 5 ( 1 2b>M . ^Uf-ft'y b 
4 9 3 0. fci^f- ^4 93 5 ( 6 b> H £#0, 
[0303] 

plcp\7^' (OTT-f^MrtS ) Wtf>ffl3is I gnaL7^;PF (£ITCSS6^4 

) (i. i#802. 1 ltfOS I GNAL7 >f^P4 980 tSJSitt^S, StffS 
I GNAL7^/PP4980<^)RATE7^;PP49 1 5 CO*ffifflffi#*$T L ^ P P D 

[0304] 

^<o^irL^PPDU?fM^»A$ixl>o HffSTAfcdOflfcfirafttt^fefttc. p 

LCP\7^S I GNAL7^-;l/P^RATE7^-^F(l RATE/M7^ 

— ;l^HKSSeSii&o RATE<^*ffifflco<tJ±PPDUJB^i:LT*ISSii*, ifcs P 
PDUMfiS I GNAL2teffiS§*UfcS I G N A L 7 ^/l/ Ml^itt ft? J S 
RATE/M7 >f-^H^Sft^fit{±^4T®«§fLS, ^ft^<7)R ATE/JE?^ 
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74— ;H<f5f[tiBH¥STAfc:WU'CI45|^lT&S. l/^t, fS£#STA{iS I G 

NALi7^-;k F<7)f**3-tj£#j l, r at e y 4 h f*io*?e»^ii£ m&th t , 

[0305] 

ft#Wfc(2. i?7^STA^M I MO OFDMMftSr^-r/2^^. BWfS I GN 
Wtr-y h£#lf.lU S I GN AL7 4 ->H*iJ «£ tXglO^lffff-^ft 4 KAfcWt 
[03063 

SfttSMiP P D UJ^{;1^< SIGNAL274-A- FOj|$ £ £ t iPCS 

%>« FRACH PPDUI1 SCAPCOmfeZtlfilffi-fttZCOfrmfo.. A P lz£ ^TW^ 

[f!l4] 



* 4 MIMO PPDU ?f$5£ 



RATE^it 
(4 fc> h) 


MIMO PPDU 


SIGNAL2 
(OFDM v^/jU-) 


0000 


MIMO BSS E3SS * ftti. MIMO AP jgfg 
(SCHEDPPDU &Hfe<) 


1 


0010 


MIMO BSS SCHED PPDU 


1 


0100 


MIMO BSS FRACH PPDU 


2 



[0307] 

H5 Ot^— ^iMfi^fc^^M I MO PPDU7t-77b 5000SHStS, P 
PDU5000(iPPDUM0 0 00W(mi>o PPDU5000I1 PLCP7U 
7^7/1/5 010, SIGNAL 1 5020 (1 OFDMyy*)!/) . S I GNAL 2 

5 04 0 ( lOFDMyy^) , h U-->? i/>^JU5 0 6 0 (0. 2. 3. ttz 
\i4is>i$)V) . "IMf-^7,-;l/F5 080^. PLCPTUT^' 

/I/5 0 1 0(2. fftfiltf, USSMTfil 6 jus e c?*S 4 SI GNAL 1 5 02 0 
fcitfS I GNAL2 5 04 0(2, P P D UMfl|-fe^ >- h I— bfc ±1^88:7 * — V 
«/h*ffllvca*e$;ft,4 8 f-?5 0 8 0(l t-t'^5082 (1 6t>M . 7 4- 
Frtv 2 5 084 ( 1 6t"7 b) . "TfftPSDU5086, S0>*c7)«^S^f-^^flF 
^#Xb ) J^ACiffl§^| ) fWl/5 088 (Ub»J-A*fc"J6t7M . tsiV 
nraSA o yK5 0 9 0^&o f-?5 0 8 0tl PPDUf^W^M/^bfeJ: 

[0308] 

PPDUMOOOOt^fSMIMO PLCP\7^it SIGNAL (SIGN 
A L 1 5 0 2 OtSitfS I GNAL2 5040^^-tf) . SERVICE7^/I/F 
5 08 2. feiV , FEEDBACK7^/^"5 0 84^ SERVI CE7^/^ 
Hi«#80 2. 1 l3&»6cOS0Ett=Sr<. f^Wyh^bfcj;^7t-77b?: 

[0309] 

FEEDBACK7^/H'5 0 8 4 (2x-^^0< V h& kX/7 >y b £ 

ffl^Til6fi§*L-6 c FEEDBACK7^/1/K(1 ES7,^F (lh'yb) . 
^l/-K?^7^-My? (DRVF) 7 4 —IVY- (13b>M . fcJ:t/lfcJjlH 
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&7 4—)VY (2t' 7 M *-£tr. 
[0310] 

[0311] 

*/v^)7 -f - FA >y ? £S0WS . 
[0312] 

{t^EDCA) , iK-U^StUt («MHCF) , ttzteX^ ¥ V > f 
[0313] 

STA Ai^STA B^tOM'fitM-n.PPDUT 1 '— ^-t^yM/- hSJCJS, 
STA B^'STA AfcffittL^^-KA-y^CtfcS (IJjzELTfcO. 0tefcTEl2 4 
SrJU:) . ESifcJiSSlfr^— h*<7)i:'-fe£>a>IC*tU STA B^STA Air&M 
I MO OFDM hU— — y^^y^k^^ftfS^WC #SPalX h 'J — Aflf &;ft5 

f-^i'-hasti). sta bksta A^cDigMt^ ^-rtifrcommm^ft 

t,Z^ STA B(i;^l£MFEEDBACK5 0 84«DRVF7 J f-;lFCtft§ 
„ DRVF7^ — HW-^-fe^'X >T 5 0 8 0 I/— hTSHfl^jft-S . 
[0314] 

STA A#STA BitZmm-t&M^. STA Bis>L>WS&<?)?Bm$:tyt>fr\iZ-?%>tz 
ftto&S*^fclda»W^Ay^*7fcftfc^UfcDRVF(cae^V^, STA A 
(it'cOjUmv— bSrffll^^^^f-So S I GNAL7 /H* (OTtiiSt^) (2 

. snsTA b^sta Afrhmtztitzyxs-^m^-th^b^mt-this 

b'-y bODRV7 -f -/P K 5 0 4 6 §r#tf 0 DRV 5 0 4 6 ti§IJP-fe^ > h bTii 
[0315] 

DRVF7^-;im, STR7-f-;lK (4b">yb) , R27-1 —)V H (3b>M 
. R37^-^K (3t'7f) . feitfR4 7-f— /PH (3t'-y M 
S a STR7^;H*(ixb'J-Ai(0i/-l^f t A'F{i^5fc:jSLJtS 
T Rfi fc LT^-f^flS . R 2 Ji* h U -A 1 |C*ff-£ S TRftX h U -A 2 (,zn~t 
& STRfit0^lr*-t o R2«l rilljll XMJ-A2^7(C*-3T^5;k* 
R 3 (2X h U -A 2 fcfcffS STRIW h U— A3 S T Rfif <75it£ jjrt 
„ R3 0fg rnijlt y-A3^7^-5tUl.;i;^t„ R2= rill 
j X'htlil. R3IJ rnij tcia^^ixl,, R4f2XMJ-A3t>ffrS STRfttX 
b 'J — A4C*ftli STRfWiJSt, R4c0ffl r 1 1 1 j XNiJ-A4^7(I 
!3ro"C^*ifc*jirr. R3= r i i i j TSMtlf. R4li r i i i j KRjg3:fiS. 
[0316] 

ES = 0<^, -«r*>^SBftf«<0*^-, DRVF^)fWfir^fW4JaTOaOT254 
. (2h' 7 b) , XHJ-AMr^-F (4b' 7 M . XhU-A^cO 

h ^7 * -IV KJ±ii<0 S T Rfflfc LTflrtflSSfU. . lD«7h"7 MdWftSftVC* 

4. 
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[fS5] 



5 STR&^-it 



k_? 1 rx. IjU. 


i \T O 1 L - T- 






nnno 




Dr OK 


o ^ 


onoi 






O 7^ 


nm n 

UVJ 1\J 






1 .u 


nni l 






1 .3 


f\^f\f\ 

UlUU 


1 /I 




o n 

Z.U 


0101 








0110 


3/4 


16 QAM 


3.0 


0111 


7/12 


64 QAM 


3.5 


1000 


2/3 


64 QAM 


4.0 


1001 


3/4 


64 QAM 


4.5 


1010 


5/6 


64 QAM 


5.0 


1011 


5/8 


256 QAM 


5.0 


1100 


3/4 


256 QAM 


6.0 


1101 


7/8 


256 QAM 


7.0 



[0317] 

[0318] 
[|S6] 



6 mmm-7^~^n^. 







00 




01 


ldB ^jiM 


10 


ldB jg&j> 


11 





[0319] 



(62) 



^2007-522692 (P2007-522692A) 



*^cco^rciSSS*i*o -r&fr^ ppDUjifi«^f^;N±^--ry;^TSTAiifi 

(dBm) fcil^T'-^-fe^-X^biSfili* (dBm) (J^dTCft*, 
[0320] 

-AT r 0 0 j £»5&3il4 0 f^7l/-A^i^T, 1 d BMW, «^f^±ffiJP^fc 
[0321] 

SIGNAL1 5020(1 RATE/Jg*7-f-^K5 0 22 (4h'7b) , 11 
fiilf'7b5 0 24, PPDUf^fX/lS5 0 2 6 ( 1 2 b> b) . A^Jf^b'^/bS 
0 2 8. i5±tf 6 b> 0 3 0 S I GNAL l7>f^F5020i± 

. fflW-fcXXVbP— bJ3±t;7t-77 b (38ffiMT146Mb i t/s e c ) ^ffll^ 
iMfi$fl&. RATE/ffM7 — 5 0 2 2J4 0 0 0 QlZWtM$tL&. h 
5 0 2 4(40t»SSilS3&>fc UiS:v>. 
[0322] 

iUft^^ Htfic#LT , PPD U+M X/m^y 4 —)V K5 0 2 6ti 2 otfO«Sg^ Jgffi 
M^<-X^STA^flfcJ;^'^T^APafltfcV^T. ^^7^-;I/KfiPP 
DUt^XJSf, ^^SIOT-Km^, b'7 M(iPPDU3^i£5SS*I3tOFD 
M^:x;tf/l^ffl^&£fc£5SU h'7 b2l±PPDU«G I 

[0323] 

X^tjol— »J ^Sftfc^AP STAjSflfcriSWC. PPDUf>fX/SS7>(^ 
H5 0 2 6l±SS^t„ ^^2^-KT\ b'7M-2liSCHEDI/-b^t 
0 SCHEDV- M4STA £3Mft^& fcft tfflV * S>*l4 *>t> Lft* V ^*7v<7)#-S§- 
ftftLfcSCHED (0. 1. 2*fcti3) 7-f-;PK£St e APK^M/^^/ 
i/>tf}VmE<?M, MAP STAI1 AP£^^SCHED:7 W^ftll^uA 

x b fcSMiT* & b tmi^th . s T AA^^f^^x^r^^.- u y^SftfciSMfc: 

(iAPtCioTfl-^S^So APil <I^1ff?RS:STAt*rf SfMOTXOP^Xy-y 
jL-y^-fifcftfclfflVV ifc. STAK^fei?)«S*l*tifcftt:, CTRL J 

(0.1.2. ifc{43) £Wfct&. 

[0324] 

^2^^CfcUT, b^yb3-4(iQoS7^;I/K^t 0 ^(4. TCOifc 
{41 fcjtT4S*<?D4MR O^lTa-T) (^Sr*>%0%. 3 3%. 6 7%. 10 0% 
) ^«g«o h # yh5-l 2J4TXOP«0K*S*i3tSS&^ (MftM*Ci41 6/*s 
ec«TtW) . 
[0325] 

S I GNAL 1 7 4— 5 0 2 0J4. l^Jf^f b> b 5 0 2ST^S§il. 
^W^cDfc^cOGb^y bcOr— /b5 0 3 0tl!7« o 
[0326] 

S I GNAL27^;PF 5 0 4 0£0#ffiiS$i4S I GNAL 1 5 0 2 0|*I£DRA 
TE/M7 ^/l/ K 5 0 2 2 Ki W o S I GN AL 2 y 4 — )V V 5 0 4 0 {4 

MfflbyO^bP-b&it^*-^ b£ffl^T}Mfg $fl£o SI GNAL 2 5 04 
0(4. HflKflrb'^ b 5 04 2. f^y»5 044 ( 3 b> b ) . x-^L— b^ 
7 b/b (DRV) 5 04 6 (1 3b'7h) . A'Uf b> b 5 048fc4^f-^5 0 5 
0 ( 6b 7 b) £-£tf 0 3h*7 bObW— — y/M7>f — /bb(4M I MO OFDMb 
I/- - y^S/y#;l/<?)ISfc ( t0f7 3r-77 b*Sf e b'7 b 1 - 2J4M I MO OFD 
MM/-^y^50 6 0 (0. 2. 3 43t{±4 0FDM^y^;l/) cORS^To 
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b> b3tiM/-^^lM7 l-JVVTfo&o OasS, KiESSr^o DRV50 

4 6(i, ft^4^^r»^ ilf iltSt S l/^ b ^Sfttl. a DRV5 04 6 
te (±aU:FEEDBACK5 0 84tMilS) D R V F £ [5] tUmT^^tl^ 

0 S I GNAL2 7^;l/F 5 04 0{±. l^Jf-f b> b 5 048tfx y^^tl. # 

[0327] 

B51tSCHED PPDU5100 (1$fWfS-0010) S 
CHED PPDU 5100!! PLCP7»J7^7>5 1 1 0, SIGNAL1 5 

1 2 0 ( lOFDMy^'/l/) N S I GNAL2 5140(1 OFDMyy^) . b 
V- — ><fi/>#}V5 1 6 0 (0. 2. 3. ^^(±4^^^) s J3i^gSCHE 
D7U-A5 18 0^o PLCP7°U7y7';l/5 0 10il fffrTS^I^ *Hf4M 
T(il 6ju s e cT°S)^o SIGNAL 1 5 02 Ofcit/'S I GNAL2 5 0 4 0 fi 

P P D UM»t W y h l/^ hfc J;t;ri7 t-v 7 b£fflvvr}Hfi£ix&o sched 
7l/-J±5 1 8 0(iJ:T*ACF^IBatMLTi¥L<a^j;o b £#t?#> 

[0328] 

S I GNAL 1 5 1 2 0(iRATE/ffM5 1 2 2 ( 4 b> b ) . b 5 1 

24. CTRL 0^X5 126 ( 6 bV b ) s CTRLlf>fX5 128 ( 6 b V b ) 
. A°)Jf>fb'7 b 5 1 3 0. fe±yr- ^5 13 2 ( 6 b> b ) Sr^o RATE/M 

5 1 2 2f±0 0 1 Otl&gSftS, W»t"7b5 1 2 4t40tl&S$ft&£>fcUx : 5r^ 
. CTRL0f>fX5 12 6(±ft{)fi^Wb (*0fCli6 Mb p s ) T'iMfg^fL^ S C 

hed ppDu^t^yM^t, : y b(iP l c p^7 f s e r v i 

CE7^/^\ MAC^7^\ itf'CTRLOWyf 5 1 2 6^tf 0 ^ffiJi 
*WC«4jLtse c(7)fSS4rW^$iX^o CTRLlf>fX5 1 2 SiiiXCBfV^- b 
(*MT1±1 2 Mbps) T^flSfl^ SCHED P P D UftJzfX > b £0JI$ 

tSCTRLl-b^Vb^SCHED PPDU^C#4L^^i:SSt 4 SIGN 
AL17^-;^K5 1 2 0tilA°iJf^b"7b5 1 3 OTtfcS^fU »#a^RP9»tf)?t 
ft^6t*7 bx-/b5 1 3 2t«Tt4. 
[0329] 

S I GNAL2 5 1 4 0(1 b 5 1 4 2. M/--y/M5 144(3 

b>b) . CTRL21MX5 14 6 (5b>yb) . CTRL3f^X5148 (5ty 
b) . FCS5 1 5 0 (4t'7 b) . ilXtf'r— )V5 152 ( 6 b> b ) £^ts\ lifter 
b'>y b 5 14 2«0fcl&S£tl£# i kLfU£t\ bU~ -y^m^5 1 4 4fiP PDUjfg 
S0 0 0 0fc*rtTSffi«fL4fcH« ( M/--^1M5 04 4) 
[0330] 

CTRL2f-{X5 1 4 6(4&<?)«4>iSl^-b <*0fClil 8Mb P s ) Tilft^fl 
fcSCHED PPDUOT^yb^ftg^to ^Mli*MTt44jLe s e ciOffifft 
Tflrf-Yt;$*LSo CTRL2f-fX '0' H MJEt^CTRL2^^y h^'SCHE 
D PPDUflK^L&^£fc*3^<> CTRL 31M X5 1 4 SfiSSP—b 
t(J2 4Mb P s ) tSflSMSCHED PPDUOT^yb^§Jif 0 ^ 
fIi4*^ljT1±4^ s e c^fgarW-^-ft^iX^o CTRL3t^fX '0' (4. *fJJ?T& C 
T R L 3 -tr^jtf y b #* S C H E D PPDU rtfcSfiqtL&l^ . 
[0331] 

FC S 5 1 5 0I^S I GNALlfei^S I GNAL2 7 ^/P^C^otffl? 
fL& 0 S I GNAL27^/I/F5 1 4 0 l&^fr&frW^CQfzlsbCD 6 b ^y bT—/b5 1 

5 2T»TrS<> 
[0332] 

I52CFRACH PPDU 5200 ( ( flF^ffe*/JfeC = 0 10 0) £07^4 
0 FRACH PPDU 5 2 0011 P L C P7 U TV^fJV 5 2 1 0 . S I GNAL 1 
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5 2 2 0 ( 1 OFDMyy^/l/) N S I GNAL2 5240 (2 0FDMy^) 
£#tfo PLCP7'Jry7>5 2 10(t jp(£fh^, 6// s e c t 

hh, SIGNALl 5 2 2 Ofei^S I GNAL2 5240!! PPDU»|Hr^ 

Yv-vuxxf^m? h^mv^mm^ti^, m i Mo^^yy/ 

S^JtT^-feXMrai^cOFRACHfflraK. FRACH PPDU 520 0^STAt 
J:oTMff$il£. FRACHaJBB4APtJ:->TllS:S*I. APtttttLt^ 

[0333] 

S I GNAL 1 5 2 2 0(1 RATE/M5 2 2 2 ( 4 b> M . b 5 

2 24. K£5 2 2 6 ( 1 2 bV f ) s hC5 2 2 8, 45 f^5 2 

30 (6h>h) Sr^tfo RATE/M5 2 2 2iiO 1 OOUggSftS, WX3?b> 
b5 l 2 4(40t»SSn43&»fcU*L=Sr^ 0 Wmy -f— ;^K5 2 2 6i4±tBaUfcPP 
DUM00 0 0 (5000) t*tLTfBffiS*l4^i:N«tr*4, S IGNAL17^ 
^K522 0{41^Jf^t>b52 2 8T'*S£iX. i^tt^^Gt^y 
h ~r-/b 5 2 3 0 T»Tf & o 
[0334] 

S I GNAL 2 5 2 4 0(»Sf'7 b 5 2 4 2 . Sff7UA ID 5244 (1 6b' 
7h) s Sff^A ID 5246 (1 6b 7 b) s FCS 5248 (4b 7 b) , fcj; 
tff-^52 50 (6b>M fc£tf 0 flMKffb^y h 5 24 2(40fc|ftSS#l43&*t> UfL 
=5r^ 0 jlftTUAID 5 24 4(iFRACHTSfiUi^STA^gtl) i Sfl5feA 

ID 5246liTXOP 3 *VO * & S T A £ W5&$" 4 • 45Ht«tet5 V . 

5fi3fr&*A P "C* SflftA ID7-fWPK5246 C0«i 2 0 4 8 IzWl^flh 

0 4b'7NFCS 5 24 8(^SIGNALlfe±^SIGNAL27^;l/KH^ 
oTff-JtSfti. 6b> bT—fr5 2 5 0(i**a»flr#^Kj^oTJPi £>3fx£<, 

[0335] 

^Sfcffll-fe^T. STA(l f^^W:r?-fe^t&ftW:xn7h#roA^^ 

Sft^at^^. ap(i B*UTv^4STAfc. ai^^^yjL-u^stutr 

^jt7^«WC»t§ F RAC HXU 7 hcORJ4SCHED>>< y-b— N F R A 

CH, T^SftSo 
[0336] 

STAii^B.FRACHjfiftt^^tLMl^ F R A C H T'WiMSff ^ 

K*8§. STA3&SAP3&»feTXOPMS*Sfit'&*&. STAtiB FRACHS'U-b 

7 Wo AP^^^SCHED^fff^^S^Si. FRACH RES PONS 

E. ^tEHrt^OTXOPfiJS^ STA3^5EfiU«r^*&. B FRACH {4 jfcJcffi 7 S "T 

l^tffijmStl&o A°7^-^FRACH RESPONSEfib^^ACFgft 
***l4o IrVf ^FRACH^Htfe, STAIilf ( N F R AC H ) - 1 * 2" B 

— FRACH tFRACHXU7f^lX 

[0337] 

FRACHcDfflWAPti^tX^ry^ U V^StlSrU*^ M I MO STA(4 

s c a p cowicDum ? *ut m&wmte e d c asiiu * m \ ^i^-t s l tu& v \ 

[0338] 

*i£^£fc*5S!?LT^£*£*'3. #"UJ4\ ±coiffi*4»K#!SS*ifc3&»fct#L«rV^-^ 
[0339] 
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[0340] 

itflgRMu imyu-t yv^ n ^/Ml-tro-t^ (dsp) , wsefflfcisj i c ( 
Asio, ro/?7y;i'y-h7i/'f (fpga) . mcoyu^y^mmmm^. 

tzWm^Wn-fh i. o izmMf^tLtz^ti^coiiMcom^h^zJ: ->X , Sgjfci L < till 

?n7n-fe7tcoa^f, Ii«74 7n7n*7t, D S P3 7tiaLf; 1 o 
m±^v-f ^o7o^7l 4fcli^0>fl!j0>*<9.i:-3*llWEi: LTHJftS^S^t L^i 

[0341] 

^ty, ROM^t'J, EPROM^tl EEPROM^ty, I^'X^ A-Kf 
-f X ? , »JWf -f * $\ CD-ROM. 4 fct±S*#t«ftKOffiBcOffi«^(^£«JS 

sicfc*4j&»t>UuSrv\, as i ciix- Lii^\ fWWfcli, T 

[0342] 
[0343] 

tfcWfcWR-tii i: ^sH^ixTfc^^. ^^izM^Ltissms ^t/mm^mm^mL 

[0344] 

[01] SSSWLANfr-fttt^-f-^^)— H(iW*q?tH. 

[02] T^-fe^M 1 y hifcJAJL— UTflBSS*i.*3&»fc Ui%V*iSBE<IigE 
[03] 802. 1 l«7P-Arai®^7.X-?£ijctEL 

[04] DC Ftf-5t7/*-t:XtS^D I FS+A' 7 ^t7«ffiffliStllll ( 
PHY) tOjMfi-b^yhcDH^JSr^-rS. 
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[05] AC KOffitD I F ST^bX X 0 a^ffi$fcJK£*-tl> S I F SiOffifflS^-f. 
mwm (PHY) ^Mfib^<ybc7)-M£^-0. 

[06] ^^W^./hSr, ftM-t&S I FStcioTJ; D'h^^^y bMiW 
£ £ £ Sr/KfH, 

[07] 1 7^-iAttcOKISJ£^S:*-rSTXOP^^-f-MJl (PHY) ^iMff-fe^V 
[08] 7'a-y^ffifgJE^ : 5rW-f-^TXOP5r^f 

[09] HCCA^fflV^T^-'Jy^'SiX^TXOP^^-f", tSB (PHY) cr>WM^ 

[010] -/7Wv«L/2)lft^-#rtfTXOP«-5^iM^^-r0. 

[ 011 ] s^^^l^t y r> y^mmRcom^Tjk-tT xop njs^jj ^-r 0» 

[012] 7°'JT>-7V^M^-. S I F SCO]; 77»IS, J^jIW^rG- I F S 

wflr a^^«^? comnzmfr&w&co-mmMz^-tm* 

[013] i-&Lfc^- V y/fl^-i: ^flf itWT X O P J ^f, m®M (PHY) <7)3#ft 
•fe ^ \* >- h co— ffl Z^-t 0 . 

[014] jK-U y^fi#*lt^-4*ffi«0— H*Wi*^BI. 
[015] MAC7P- M&tf&M. 
[016] MAC PDUC7)— M£^f"0, 

[017] b°r > y-b°Taft^-CTSr^-r0 o 
[018] M*e»j<7)^aJi^-x b z^-tm. 

I. 

[ 020 ] mtffittT H*y^-fe^yh £#frM A C 7 AcD— SUt^iJSr 5^0, 

[021] tfMfA-xh^M^-fm 

[022] b°T-b°T-r-^feM*-5£^— «*SrtH. 

[023] bT-bTMfI*&^-M£^0» 

[024] tr-trssK(c*iv^fflv^fc46*ot'— -f -bvs'.y^tof^ft^ffi^— m% 
[025] 2S*t ybfficrmmzhtzVT-'eTmmi^-tmo 

[026] M^-X (sfcTtteTb^-y? ) <?)tT-tTil^^ta 

[027] «5Ha<?5'PlSnfctT-tTae*SrrMAC 7b-A(7)-(?lJ^7K-r0. 

[028] EHSIiHRff !l3fc*iJt*J8l#*i*ti it^^5^<0*|7feR*WK- b £^"f 0 

[029] KfffcJ: t£§r? 5X(7)^#:ri/'fex$[J»wffl^±>ii-Sr5Kt-0o 
[030] iSf^ra«S#^rfficO-flJ^^0 o 
[ 031 ] «|$£CD BSStf-FAJM« 7j £cO-#iJ £ SjrfH . 
[032] f-FAJ:fflV)tl^BS SO;*— A*7 7 7^ta„ 

[033] SE#BSSTffiS3lffltTV^rat. l«abT-briIflSr^f-f-|.^r&«-M 
2r^-f0» 

[034] gt#BSStfcV^TT^-trX*^-fi,ii:tj;SM I MO«Hf*fflU4tfr- 
b°TiifS£^-t0 o 

[035] Mffiyi/— Aftm^il:(7)MAC:7b— A (ifcl±7^yM <7)#7°bn- 

[036] KffMAC7lx-A^^-T0 o 
[037] #J±lf7^-A<7)-M£^rm 

[038] Ernyu- &co—mz5f(?m. 

[039] ffift^-^fBjeoMSr^m 

[ 040 ] ft^^. -y yey—m z m-tm . 

[041] AC Ftfll^^^X^yA-y y-^§|l/t7^«i^7 b-A (SCAP 
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[042] SCAP^HCCAfc±VEDCAtB83lU3tfflV^ilSr*^ia o 

[ 043 ] ACOT?±AmRfo&~>X 4HR $ ft*: ^ifc^O s C A P £ - ft - tf h - 3 v K 

[044] ^»<?)M I MO STAfciiffi^^^fRIIIrfPtSrrHo 
[045] S C H E D ^ 7 y^)-M^ StHo 
[046] tMl7^^^-M^*ti 0 
[047] MAPgr^-MJ^fH, 

[048] TXO PM3<9j£fetf) S C HE Dffli7^- ^JSrSrTIMo 
[049]gt#8O2. 11 PPDUJStlc 

[050] f-^»^MIMO PPDU7t-7 7 f^m 
[051] SCHED PPDU^J^^ta 
[052] F R AC H PPDUi?)-WJSta 

[ 053 ] bb? s^x* t nttmm&comiCDimtmsmz^m* 
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BACKGROUND 

Field 

[0002] The present invention relates generally to communications, and more 

specifically to medium access control. 



Background 

[0003] Wireless communication systems are widely deployed to provide various types 

of communication such as voice and data. A typical wireless data system, or network, 
provides multiple users access to one or more shared resources. A system may use a 
variety of multiple access techniques such as Frequency Division Multiplexing (FDM), 
Time Division Multiplexing (TDM), Code Division Multiplexing (CDM), and others. 

[0004] Example wireless networks include cellular-based data systems. The following 

are several such examples: (1) the "TIA/EIA-95-B Mobile Station-Base Station 
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular System" 
(the IS-95 standard), (2) the standard offered by a consortium named "3rd Generation 
Partnership Project" (3 GPP) and embodied in a set of documents including Document 
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA 
standard), (3) the standard offered by a consortium named "3rd Generation Partnership 
Project 2" (3GPP2) and embodied in "TR-45.5 Physical Layer Standard for cdma2000 
Spread Spectrum Systems" (the IS-2000 standard), and (4) the high data rate (HDR) 
system that conforms to the TIA/EIA/IS-856 standard (the IS-856 standard). 

[0005] Other examples of wireless systems include Wireless Local Area Networks 

(WLANs) such as the IEEE 802.11 standards (i.e. 802.11 (a), (b), or (g)). 
Improvements over these networks may be achieved in deploying a Multiple Input 
Multiple Output (MIMO) WLAN comprising Orthogonal Frequency Division 
Multiplexing (OFDM) modulation techniques. IEEE 802.11(e) has been introduced to 
improve upon some of the shortcomings of previous 802.1 1 standards. 

[0006] As wireless system designs have advanced, higher data rates have become 

available. Higher data rates have opened up the possibility of advanced applications, 
among which are voice, video, fast data transfer, and various other applications. 
However, various applications may have differing requirements for their respective data 
transfer. Many types of data may have latency and throughput requirements, or need 
some Quality of Service (QoS) guarantee. Without resource management, the capacity 
of a system may be reduced, and the system may not operate efficiently. 
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[0007] Medium Access Control (MAC) protocols are commonly used to allocate a 

shared communication resource between a number of users. MAC protocols commonly 
interface higher layers to the physical layer used to transmit and receive data. To 
benefit from an increase in data rates, a MAC protocol must be designed to utilize the 
shared resource efficiently. It is also generally desirable to maintain interoperability 
with alternate or legacy communication standards. There is therefore a need in the art 
for MAC processing for efficient use of high throughput systems. There is a further 
need in the art for such MAC processing that is backward compatible with various types 
of legacy systems. 

SUMMARY 

[0008] Embodiments disclosed herein address the need for MAC processing for 

efficient use of high throughput systems and that is backward compatible with various 
types of legacy systems. In one aspect, a data frame is formed comprising a common 
portion for transmission in a format receivable by various stations, such as access points 
and remote stations. The data frame also comprises a dedicated portion, formatted for 
transmission to a specified remote station. In another aspect, the common portion is 
unsteered, and the dedicated portion is steered. In another aspect, an access point 
schedules an allocation in response to a data indication included in a common portion of 
a data frame transmitted from one remote station to another. 

[0009] In another aspect, a first station transmits a reference to a second station, which 

measures the reference and generates feedback therefrom. Upon receiving the feedback 
from the second station, the first station transmits data to the second station in 
accordance with the feedback. Various other aspects are also presented. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] FIG. 1 is an example embodiment of a system including a high-speed WLAN; 

[0011] FIG. 2 depicts an example embodiment of a wireless communication device, 

which may be configured as an access point or user terminal; 
[0012] FIG. 3 depicts 802.11 interframe spacing parameters; 

[0013] FIG. 4 depicts an example physical layer (PHY) transmission segment 

illustrating the use of DIFS plus backoff for access according to the DCF; 

[0014] FIG. 5 depicts an example physical layer (PHY) transmission segment 

illustrating the use of SIFS before an ACK, with higher priority than a DIFS access; 
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[0015] FIG. 6 illustrates segmenting large packets into smaller fragments with 

associated SIFS; 

[0016] FIG. 7 depicts an example physical layer (PHY) transmission segment 

illustrating a TXOP with per-frame acknowledgment; 
[0017] FIG. 8 illustrates a TXOP with block acknowledgment; 

[0018] FIG. 9 depicts an example physical layer (PHY) transmission segment 

illustrating a polled TXOP using HCCA; 
[0019] FIG. 1 0 is an example embodiment of a TXOP including multiple consecutive 

transmissions "without any gaps; 
[0020] FIG. 1 1 depicts an example embodiment of a TXOP illustrating reducing the 

amount of preamble transmission required; 
[0021] FIG. 12 depicts an example embodiment of a method for incorporating various 

aspects, including consolidating preambles, removing gaps such as SIFS, and inserting 

GIFs as appropriate; 

[0022] FIG. 13 depicts an example physical layer (PHY) transmission segment 

illustrating consolidated polls and their respective TXOPs; 
[0023] FIG. 14 depicts an example embodiment of a method for consolidating polls; 

[0024] FIG. 1 5 illustrates an example MAC frame; 

[0025] FIG. 16 illustrates an example MAC PDU; 

[0026] FIG. IV depicts an example peer-to-peer communication; 

[0027] FIG. 1 8 depicts a prior art physical layer burst; 

[0028] FIG. 19 depicts an example physical layer burst, which may be deployed for 

peer-peer transmission; 

[0029] FIG. 20 depicts an example embodiment of a MAC frame including an optional 

ad hoc segment; 

[0030] FIG. 21 depicts an example physical layer burst; 

[0031] FIG. 22 depicts an example method for peer-peer data transmission; 

[0032] FIG. 23 depicts an example method for peer-peer communication; 

[0033] FIG. 24 depicts an example method for providing rate feedback for use in peer- 

peer connection; 

[0034] FIG. 25 illustrates managed peer-peer connection between two stations and an 

access point; 

[0035] FIG. 26 illustrates a contention based (or ad hoc) peer-peer connection; 
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[0036] FIG. 27 depicts an example MAC frame illustrating managed peer-peer 

comnxunication between stations; 
[0037] FIG. 28 illustrates supporting both legacy and new class stations on the same 

frequency assignment; 

[0038] FIG. 29 illustrates the combination of legacy and new class media access 

control; 

[0039] FIG. 30 depicts an example method for earning a transmit opportunity; 

[0040] FIG. 3 1 depicts an example method for sharing a single FA with multiple BSSs; 

[0041] FIG. 32 illustrates overlapping BSSs using a single FA; 

[0042] FIG. 33 depicts an example method for performing high-speed peer-peer 

communication while interoperating with a legacy BSS; 
[0043] FIG. 34 illustrates peer-peer communication using MIMO techniques by 

contending for access on a legacy BSS; 
[0044] FIG. 35 depicts encapsulation of one or more MAC frames (or fragments) within 

an aggregated frame; 
[0045] FIG. 36 depicts a legacy MAC frame; 

[0046] FIG. 37 illustrates an example uncompressed frame; 

[0047] FIG. 38 illustrates an example compressed frame; 

[0048] FIG. 39 illustrates another example compressed frame; 

[0049] FIG. 40 illustrates an example Aggregation Header; 

[0050] FIG. 41 illustrates an example embodiment of a Scheduled Access Period Frame 

(SCAP) for use in the ACF; 
[0051] FIG. 42 illustrates how the SCAP may be used in conjunction with HCCA and 

EDCA; 

[0052] FIG. 43 illustrates Beacon intervals comprising a number of SCAPs interspersed 

with contention-based access periods; 
[0053] FIG. 44 illustrates low-latency operation with a large number of MIMO STAs; 

[0054] FIG. 45 illustrates an example SCHED message; 

[0055] FIG. 46 depicts an example Power Management field; 

[0056] FIG. 47 depicts an example MAP field; 

[0057] FIG. 48 illustrates example SCHED control frames for TXOP assignment; 

[0058] FIG. 49 depicts a legacy 802.1 1 PPDU; 

[0059] FIG. 50 depicts an example MIMO PPDU format for data transmissions; 

[0060] FIG. 51 depicts an example SCHED PPDU; 
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[0061] FIG. 52 depicts an example FRACH PPDU; and 

[0062] FIG. 53 illustrates an alternative embodiment of a method of interoperability 

with legacy systems. 



DETAILED DESCRIPTION 
[0063] Example embodiments are disclosed herein that support highly efficient 

operation in conjunction with very high bit rate physical layers for a wireless LAN (or 
similar applications that use newly emerging transmission technologies). The example 
WLAN supports bit rates in excess of 100 Mbps (million bits per second) in bandwidths 
of 20 MHz. 

[0064] Various example embodiments preserve the simplicity and robustness of the 

distributed coordination operation of legacy WLAN systems, examples of which are 
found in 802.1 1 (a-e). The advantages of the various embodiments may be achieved 
while maintaining backward compatibility with such legacy systems. (Note that, in the 
description below, 802.11 systems are described as example legacy systems. Those of 
skill in the art will recognize that the improvements are also compatible with alternate 
systems and standards.) 

[0065] An example WLAN may comprise a sub-network protocol stack. The sub- 

network protocol stack may support high data rate, high bandwidth physical layer 
transport mechanisms in general, including, but not limited to, those based on OFDM 
modulation, single carrier modulation techniques, systems using multiple transmit and 
multiple receive antennas (Multiple Input Multiple Output (MIMO) systems, including 
Multiple Input Single Output (MISO) systems) for very high bandwidth efficiency 
operation, systems using multiple transmit and receive antennas in conjunction with 
spatial multiplexing techniques to transmit data to or from multiple user terminals 
during the same time interval, and systems using code division multiple access (CDMA) 
techniques to allow transmissions for multiple users simultaneously. Alternate 
examples include Single Input Multiple Output (SIMO) and Single Input Single Output 
(SISO) systems. 

[0066] One or more exemplary embodiments described herein are set forth in the 

context of a wireless data communication system. While use within this context is 
advantageous, different embodiments of the invention may be incorporated in different 
environments or configurations. In general, the various systems described herein may 
be formed using software-controlled processors, integrated circuits, or discrete logic. 
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The data, instructions, commands, information, signals, symbols, and chips that may be 
referenced throughout the application are advantageously represented by voltages, 
currents, electromagnetic waves, magnetic fields or particles, optical fields or particles, 
or a combination thereof. In addition, the blocks shown in each block diagram may 
represent hardware or method steps. Method steps can be interchanged without 
departing from the scope of the present invention. The word "exemplar/ 5 is used herein 
to mean "serving as an example, instance, or illustration." Any embodiment described 
herein as "exemplary" is not necessarily to be construed as preferred or advantageous 
over other embodiments. 
[0067] FIG. 1 is an example embodiment of system 100, comprising an Access Point 

(AP) 104 connected to one or more User Terminals (UTs) 106 A — N. In accordance 
with 802.11 terminology, in this document the AP and the UTs are also referred to as 
stations or STAs. The AP and the UTs communicate via Wireless Local Area Network 
(WLAN) 120. In the example embodiment, WLAN 120 is a high speed MIMO OFDM 
system. However, WLAN 120 may be any wireless LAN. Access point 104 
communicates with any number of external devices or processes via network 102. 
Network 102 may be the Internet, an intranet, or any other wired, wireless, or optical 
network. Connection 110 carries the physical layer signals from the network to the 
access point 104. Devices or processes may be connected to network 102 or as UTs (or 
via connections therewith) on WLAN 120. Examples of devices that may be connected 
to either network 102 or WLAN 120 include phones, Personal Digital Assistants 
(PDAs), computers of various types (laptops, personal computers, workstations, 
terminals of any type), video devices such as cameras, camcorders, webcams, and 
virtually any other type of data device. Processes may include voice, video, data 
communications, etc. Various data streams may have varying transmission 
requirements, which may be accommodated by using varying Quality of Service (QoS) 
techniques. 

[0068] System 100 may be deployed with a centralized AP 104. All UTs 106 

communicate with the AP in one example embodiment. In an alternate embodiment, 
direct peer-to-peer communication between two UTs may be accommodated, with 
modifications to the system, as will be apparent to those of skill in the art, examples of 
which are illustrated below. Access may be managed by an AP, or ad hoc (i.e. 
contention based), as detailed below. 
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[0069] In one embodiment, AP 104 provides Ethernet adaptation. In this case, an IP 

router may be deployed in addition to the AP to provide connection to network 102 
(details not shown). Ethernet frames may be transferred between the router and the UTs 
106 over the WLAN sub-network (detailed below). Ethernet adaptation and 
connectivity are well known in the art. 

[0070] In an alternate embodiment, the AP 104 provides IP Adaptation. In this case, 

the AP acts as a gateway router for the set of connected UTs (details not shown). In this 
case, IP datagrams may be routed by the AP 104 to and from the UTs 106. IP 
adaptation and connectivity are well known in the art. 

[0071] FIG. 2 depicts an example embodiment of a wireless communication device, 

which may be configured as an access point 104 or user terminal 106. An access point 
104 configuration is shown in FIG. 2. Transceiver 210 receives and transmits on 
connection 110 according to the physical layer requirements of network 102. Data from 
or to devices or applications connected to network 102 are delivered to MAC processor 
220. These data are referred to herein as flows 260. Flows may have different 
characteristics and may require different processing based on the type of application 
associated with the flow. For example, video or voice may be characterized as low- 
latency flows (video generally having higher throughput requirements than voice). 
Many data applications are less sensitive to latency, but may have higher data integrity 
requirements (i.e., voice may be tolerant of some packet loss, file transfer is generally 
intolerant of packet loss). 

[0072] MAC processor 220 receives flows 260 and processes them for transmission on 

the physical layer. MAC processor 220 also receives physical layer data and processes 
the data to form packets for outgoing flows 260. Internal control and signaling is also 
communicated between the AP and the UTs. MAC Protocol Data Units (MAC PDUs), 
also referred to as Physical layer (PHY) Protocol Data Units (PPDUs), or frames (in 
802.11 parlance) are delivered to and received from wireless LAN transceiver 240 on 
connection 270. Example techniques for conversion from flows and commands to 
MAC PDUs, and vice versa, are detailed below. Alternate embodiments may employ 
any conversion technique. Feedback 280 corresponding to the various MAC IDs may 
be returned from the physical layer (PHY) 240 to MAC processor 220 for various 
purposes. Feedback 280 may comprise any physical layer information, including 
supportable rates for channels (including multicast as well as unicast channels), 
modulation format, and various other parameters. 
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[0073] In an example embodiment, the Adaptation layer (ADAP) and Data Link 

Control layer (DLC) are performed in MAC processor 220. The physical layer (PHY) 
is performed on wireless LAN transceiver 240. Those of skill in the art will recognize 
that the segmentation of the various functions may be made in any of a variety of 
configurations. MAC processor 220 may perform some or all of the processing for the 
physical layer. A wireless LAN transceiver may include a processor for performing 
MAC processing, or subparts thereof. Any number of processors, special purpose 
hardware, or combination thereof may be deployed. 

[0074] MAC processor 220 may be a general-purpose microprocessor, a digital signal 

processor (DSP), or a special-purpose processor. MAC processor 220 may be 
connected with special-purpose hardware to assist in various tasks (details not shown). 
Various applications may be run on externally connected processors, such as an 
externally connected computer or over a network connection, may run on an additional 
processor within access point 104 (not shown), or may run on MAC processor 220 
itself MAC processor 220 is shown connected with memory 255, which may be used 
for storing data as well as instructions for performing the various procedures and 
methods described herein. Those of skill in the art will recognize that memory 255 may 
be comprised of one or more memory components of various types, that may be 
embedded in whole or in part within MAC processor 220. 

[0075] In addition to storing instructions and data for performing functions described 

herein, memory 255 may also be used for storing data associated with various queues. 

[0076] Wireless LAN transceiver 240 may be any type of transceiver. In an example 

embodiment, wireless LAN transceiver 240 is an OFDM transceiver, which may be 
operated with a MDVIO or MISO interface. OFDM, MIMO, and MISO are known to 
those of skill in the art. Various example OFDM, MIMO and MISO transceivers are 
detailed in co-pending U.S. Patent Application Serial No. 10/650,295, entitled 
"FREQUENCY-INDEPENDENT SPATIAL-PROCESSING FOR WIDEBAND MISO 
AND MIMO SYSTEMS" filed August 27, 2003, assigned to the assignee of the present 
invention. Alternate embodiments may include SIMO or SISO systems. 

[0077] Wireless LAN transceiver 240 is shown connected with antennas 250 A-N. Any 

number of antennas may be supported in various embodiments. Antennas 250 may be 
used to transmit and receive on WLAN 120. 

[0078] Wireless LAJST transceiver 240 may comprise a spatial processor connected to 

each of the one or more antennas 250. The spatial processor may process the data for 
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transmission independently for each antenna or jointly process the received signals on 
all antennas. Examples of the independent processing may be based on channel 
estimates, feedback from the UT, channel inversion, or a variety of other techniques 
known in the art. The processing is performed using any of a variety of spatial 
processing techniques. Various transceivers of this type may use beam forming, beam 
steering, eigen-steering, or other spatial techniques to increase throughput to and from a 
given user terminal. In an example embodiment, in which OFDM symbols are 
transmitted, the spatial processor may comprise sub-spatial processors for processing 
each of the OFDM subchannels, or bins. 

[0079] In an example system, the AP may have N antennas, and an example UT may 

have M antennas. There are thus M x N paths between the antennas of the AP and the 
UT. A variety of spatial techniques for improving throughput using these multiple paths 
are known in the art. In a Space Time Transmit Diversity (STTD) system (also referred 
to herein as "diversity"), transmission data is formatted and encoded and sent across all 
the antennas as a single stream of data. With M transmit antennas and N receive 
antennas there may be MIN (M, N) independent channels that may be formed. Spatial 
multiplexing exploits these independent paths and may transmit different data on each 
of the independent paths, to increase the transmission rate. 

[0080] Various techniques are known for learning or adapting to the characteristics of 

the channel between the AP and a UT. Unique pilots may be transmitted from each 
transmit antenna. The pilots are received at each receive antenna and measured. 
Channel state information feedback may then be returned to the transmitting device for 
use in transmission. Eigen decomposition of the measured channel matrix may be 
performed to determine the channel eigenmodes. An alternate technique, to avoid eigen 
decomposition of the channel matrix at the receiver, is to use eigen-steering of the pilot 
and data to simplify spatial processing at the receiver. 

[0081] Thus, depending on the current channel conditions, varying data rates may be 

available for transmission to various user terminals throughout the system. In 
particular, the specific link between the AP and each UT may be higher performance 
than a multicast or broadcast link that may be shared from the AP to more than one UT. 
Examples of this are detailed further below. The wireless LAN transceiver 240 may 
determine the supportable rate based on whichever spatial processing is being used for 
the physical link between the AP and the UT. This information may be fed back on 
connection 280 for use in MAC processing. 



WO 2005/039105 PCT/US2004/034259 

11 

[0082] The number of antennas may be deployed depending on the UTs data needs as 

well as size and form factor. For example, a high definition video display may 
comprise, for example, four antennas, due to its high bandwidth requirements, while a 
PDA may be satisfied with two. An example access point may have four antennas. 

[00831 A user terminal 106 may be deployed in similar fashion to the access point 104 

depicted in FIG. 2. Rather than having flows 260 connect with a LAN transceiver 
(although a UT may include such a transceiver, either wired or wireless), flows 260 are 
generally received from or delivered to one or more applications or processes operating 
on the UT or a device connected therewith. The higher levels connected to either AP 
104 or UT 106 may be of any type. Layers described herein are illustrative only. 

Legacy 802.1 1 MAC 

[0084] As mentioned above, various embodiments detailed herein may be deployed so 

as to be compatible with, legacy systems. The IEEE 802.1 1(e) feature set (which is turn 
backward compatible with earlier 802.11 standards), includes various features that will 
be summarized in this section, along with features introduced in earlier standards. For a 
detailed description of these functions, refer to the respective IEEE 802.1 1 standard. 

[0085] The basic 802.11 MAC consists of a Carrier Sense Multiple Access/Collision 

Avoidance (CSMA/CA) based Distributed Coordination Function (DCF) and a Point 
Coordination Function (PCF). The DCF allows for access of the medium without 
central control. The PCF is deployed at an AP to provide central control. The DCF and 
PCF utilize various gaps between consecutive transmissions to avoid collisions. 
Transmissions are referred to as frames, and a gap between frames is referred to as an 
Interframe Spacing (IFS). Frames may be user data frames, control frames or 
management frames. 

[0086] Interframe spacing time durations vary depending on the type of gap inserted. 

FIG. 3 depicts 802.11 interframe spacing parameters: a Short Interframe Spacing 
(SIFS), a Point friterfraine Spacing (PIFS), and a DCF Interframe Spacing (DIFS). Note 
that SIFS < PIFS < DIFS. Thus, a transmission following a shorter time duration will 
have a higher priority than one which must wait longer before attempting to access the 
channel. 

[0087] According to the carrier sense (CSMA) feature of CSMA/CA, a station (STA) 

may gain access to the channel after sensing the channel to be idle for at least a DIFS 
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duration. (As used herein, the term STA may refer to any station accessing a WLAN, 
and may include access points as well as user terminals). To avoid collision, each STA 
waits a randomly selected backoff in addition to DIPS before accessing the channel. 
STAs with a longer backoff will notice when a higher priority STA begins transmitting 
on the channel, and will thus avoid colliding with that STA. (Each waiting STA may 
reduce its respective backoff by the amount of time it waited before sensing an alternate 
transmission on the channel, thus maintaining its relative priority.) Thus, following the 
collision avoidance (CA) feature of the protocol, the STA backs-off a random period of 
time between [0, CW] where CW is initially chosen to be CWmin, but increases by a 
factor of two at every collision, until a maximum value of CWmax. 
[0088] FIG. 4 depicts example physical layer (PHY) transmission segment 400, which 

illustrates the use of DIFS plus backoff for access according to the DCF. An existing 
transmission 410 utilizes the channel. When transmission 410 terminates, in this 
example, no higher priority accesses occur, and so new transmission 420 begins after 
DIFS and the associated backoff period. In the discussion below, the STA making 
transmission 420 is said to have earned this opportunity to transmit, in this case through 
contention. 

[0089] SIFS is used during a frame sequence in which only a specific STA is expected 

to respond to the current transmission. For example, when an Acknowledgement 
(ACK) is transmitted in response to a received frame of data, that ACK may be 
transmitted immediately following the received data plus SIFS. Other transmission 
sequences may also use SIFS between frames. A Request To Send (RTS) frame may be 
followed after SIFS with a Clear To Send (CTS) frame, then the data may be 
transmitted a SIFS after the CTS, after which an ACK may follow the data after SIFS. 
As noted, such frame sequences are all interspersed with SIFS. The SIFS duration may 
be used for (a) the detection of energy on the channel, and to determine whether energy 
has gone away (i.e., the channel clears), (b) time to decode the previous message and 
determine whether an ACK frame will indicate the transmission was received correctly, 
and (c) time for the STA transceivers to switch from receive to transmit, and vice versa. 

[0090] FIG. 5 depicts example physical layer (PHY) transmission segment 500, which 

illustrates the use of SIFS before an ACK, with higher priority than a DIFS access. An 
existing transmission 510 utilizes the channel. When transmission 510 terminates, in 
this example, ACK 520 follows the end of transmission 510 after a SIFS. Note that 
ACK 520 begins before a DIFS expires, thus any other STAs attempting to earn a 
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transmission would not succeed. In this example, after the ACK 520 completes, no 
higher priority accesses occur, and so new transmission 530 begins after DIFS and the 
associated backoff period, if any. 

[0091] The RTS/CTS frame sequence (in addition to providing flow control features) 

may be used to improve protection for the data frame transmission. The RTS and CTS 
contain duration information for the subsequent data frame and ACK and any 
intervening SIFS. ST As hearing either the RTS or the CTS mark out the occupied 
duration on their Network Allocation Vector (NAV) and treat the medium as busy for 
the duration. Typically, frames longer than a specified length are protected with 
RTS/CTS, while shorter frames are transmitted unprotected. 

[0092] The PCF may be used to allow an AP to provide centralized control of the 

channel. An AP may gain control of the medium after sensing the medium to be idle for 
i a PIFS duration. The PIFS is shorter than the DIFS and thus has higher priority than 
DIFS. Once the AP has gained access to the channel it can provide contention-free 
access opportunities to other STAs and thus improve MAC efficiency compared to 
DCF. Note that SIFS has higher priority than PIFS, so the PCF must wait until any 
SIFS sequences complete before taking control of the channel. 

[0093] Once the AP gains access to the medium using the PIFS it can establish a 

Contention-Free Period (CFP) during which the AP can provide polled access to 
associated STAs. The contention-free poll (CF-Poll), or simply poll, is transmitted by 
the AP and is followed by a transmission from the polled STA to the AP. Once again, 
the STA must wait for a SIFS duration following the CF-Poll, although the polled STA 
need not wait for DIFS, or any backoff. 802.11(e) introduced various enhancements, 
including enhancements to polling, an example of which is detailed further below with 
respect to FIG. 9. 

[0094] The Beacon transmitted by the AP establishes the duration of the CFP. This is 

similar to using RTS or CTS to prevent contention access. However, hidden terminal 
problems can still occur from terminals that are unable to hear the Beacon, but whose 
transmissions may interfere with transmissions scheduled by the AP. Further protection 
is possible through the use of a CTS-to-self by each terminal that begins a transmission 
in the CFP. 

[0095] ACKs and CF-Polls are permitted to be included in one frame, and may be 

included with data frames to improve MAC efficiency. Note that the SIFS < PIFS < 
DIFS relationship provides a deterministic priority mechanism for channel access. The 
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contention access between STAs in the DCF is probabilistic based on the back-off 
mechanism. 

[0096] Early 802.11 standards also provided for segmenting large packets into smaller 

fragments. One benefit of such segmenting is that an error in a segment requires less 
retransmission than an error in a larger packet. One drawback of segmenting in these 
standards is, for acknowledged transmission, the requirement of transmitting an ACK 
for each segment, with th.e additional SIFS that correspond to the additional ACK 
transmissions and fragment transmissions. This is illustrated in FIG. 6. The example 
physical layer (PHY) transmission segment 600 illustrates the transmission of N 
segments and their respective acknowledgement. Existing transmission 610 is 
transmitted. At the end of transmission 610, a first STA waits DIFS 620 and backoff 
630 to earn access to the channel. The first STA transmits N fragments 640A - 640N to 
a second STA, after which N respective delays of SIFS 650A - 650N must transpire. 
The second STA transmits 1ST ACK frames 660A - 660N. Between each fragment, the 
first STA must wait SIFS, so there are N-l SIFS 670A - 670N-1 as well. Thus, in 
contrast to sending one packet, one ACK, and one SIFS, a segmented packet requires 
the same time of packet transmission, with N ACKs and 2N-1 SIFS. 

[0097] The 802.11(e) standard adds enhancements to improve on the prior MAC from 

802.11(a), (b), and (g). 802.11(g) and (a) are both OFDM systems, which are very 
similar, but operate in different bands. Various features of lower speed MAC protocols, 
such as 802.11(b), were carried forward to systems with much higher bit rates, 
introducing ineffiencies, detailed further below. 

[0098] In 802.11(e), the DCF is enhanced and referred to as the Enhanced Distributed 

Channel Access (EDCA). The primary Quality of Service (QoS) enhancements of the 
EDCA are the introduction of an Arbitration Interframe Spacing (AIFS). AIFS[i] is 
associated with a Traffic Class (TC) identified with index i. The AP may use AIFS[i] 
values different from the ATFS[i] values that are allowed to be used by the other STAs. 
Only the AP may use an AIFS[i] value that is equal to the PIFS. Otherwise AIFS[i] is 
greater than or equal to DIFS. By default, the AIFS for "voice" and "video" traffic 
classes is chosen to be equal to DIFS. A larger AIFS implying lower priority is chosen 
for traffic classes "best effort" and "background". 

[0099] The size of contention window is also made a function of the TC. The highest 

priority class is permitted to set the CW=1, i.e., no backoff. For other TCs, the different 
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contention window sizes provide a probabilistic relative priority, but cannot be used to 
achieve delay guarantees. 

[00100] 802.1 1(e) introduced the Transmission Opportunity (TXOP). To improve MAC 

efficiency, when a STA acquires the medium through EDCA or through a polled access 
in HCCA, the STA may be permitted to transmit more than a single frame. The one or 
more frames are referred to as the TXOP. The maximum length of a TXOP on the 
medium depends on the traffic class and is established by the AP. Also, in the case of a 
polled TXOP, the AP indicates the permitted duration of the TXOP. During the TXOP, 
the STA can transmit a series of frames, interspersed with SIFS and ACKs from the 
destination. In addition to removing the need to wait DIFS plus backoff for each frame, 
the STA having earned a TXOP has certainty that it can retain the channel for 
subsequent transmissions. 

[00101] During the TXOP 9 ACKs from the destination may be per frame (as in earlier 

802.11 MACs), or may use an immediate or delayed block ACK as discussed below. 
Also, a no ACK policy is permitted for certain traffic flows, e.g., broadcast or multicast. 

[00102] FIG. 7 depicts example physical layer (PHY) transmission segment 700, 

illustrating a TXOP with per-frame acknowledgment. An existing transmission 710 is 
transmitted. Following the transmission 710, and after waiting DIFS 720 and backoff 
730, if any, a STA earns TXOP 790. TXOP 790 comprises N frames 740A - 740N, 
each frame followed by N respective SIFS 750A - 750N. The receiving STA responds 
with N respective ACKS 760A - 760N. The ACKs 760 are followed by N-l SIFS 
770A - 770N-1. Note that each frame 740 comprises a preamble 770 as well as header 
and packet 780. Example embodiments, detailed below, allow for greatly reducing the 
amount of transmission time reserved for preambles. 

[00103] FIG. 8 illustrates a TXOP 810 with block acknowledgment. The TXOP 810 

may be earned through contention or polling. TXOP 810 comprises N frames 820 A - 
820N, each frame followed by N respective SIFS 830A - 830N. Following the 
transmission of frames 820 and SIFS 830, a block ACK request 840 is transmitted. The 
receiving STA responds to the block ACK request at a time in the future. The Block 
ACK may be immediate following the completion of the transmission of a block of 
frames, or maybe delayed to permit receiver processing in software. 

[00104] Example embodiments, detailed below, allow for greatly reducing the amount of 

transmission time between frames (SIFS in this example). In some embodiments, there 
is no need to delay between consecutive transmissions (i.e. frames). 
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[00105] Note that, in 802.11(a) and other standards, for certain transmission formats, a 

signal extension is defined which, adds additional delay to the end of each frame. While 
not technically included in the definition of SIFS, various embodiments, detailed below, 
also allow for the removal of the signal extensions. 

[00106] The Block ACK feature provides improved efficiency. In one example, up to 64 

MAC Service Data Units (SDUs) (each possibly fragmented to 16 fragments) 
corresponding to 1024 frames may be transmitted by a ST A, while the destination STA 
is permitted to provide a single response at the end of the block of frames indicating the 
ACK status of each of the 1024 frames. Typically, at high rates, the MAC SDU will not 
be fragmented, and for low latency, fewer than 64 MAC SDUs may be transmitted 
before requiring a Block ACK from the destination. In such a case, to transmit M 
frames, the total time is reduced from M frames + M SIFS 4- M ACKs + M-l SIFS, to 
M frames + M SIFS + Block ACK. Embodiments detailed below improve on the block 
ACK efficiency even further. 

[00107] The Direct Link Protocol (DLP), introduced by 802.11(e), allows a STA to 

forward frames directly to another destination STA within a Basic Service Set (BSS) 
(controlled by the same AP). Th.e AP may make a polled TXOP available for this direct 
transfer of frames between STAs. Prior to the introduction of this feature, during polled 
access, the destination of frames from the polled STA was always the AP, which would 
in turn forward the frames to the destination STA. By eliminating the two-hop frame 
forwarding, medium efficiency is improved. Embodiments detailed further below add 
substantial efficiency to DLP transfers. 

[00108] 802.11(e) also introduces an enhanced PCF, called the Hybrid Coordination 

Function (HCF). hi HCF Controlled Channel Access (HCCA), the AP is allowed to 
access the channel at any time either to establish a Controlled Access Phase (CAP), 
which is like the CFP and is used to provide transmission opportunities at any time 
during the contention phase, not only immediately following the Beacon. The AP 
accesses the medium by waiting for a PIFS with no back-off. 

[00109] FIG. 9 depicts example physical layer (PHY) transmission segment 800, 

illustrating a polled TXOP using HCCA. In this example, the AP contends for the poll. 
An existing transmission 910 is transmitted. Following the transmission 910, the AP 
waits PIFS, and then transmits poll 920, addressed to a STA. Note that other STAs 
contending for the channel would, have to wait at least DIFS, which does not occur due 
to the transmitted poll 920, as shown. The polled STA transmits polled TXOP 940 
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following the poll 920 and SIFS 930. The AP may continue to poll, waiting PIFS 
between each polled TXOP 940 and poll 920. In an alternate scenario, the AP may 
establish a CAP by waiting PIFS from a transmission 910. The AP may transmit one or 
more polls during the CAP. 

MAC Improvements 

[00110] As described above, various inefficient features of prior MACs were brought 

forward to later versions. For example, very long preambles, designed for 11 Mbps vs. 
64 Mbps, introduce inefficiency. As the MAC Protocol Data Unit (MPDU) keeps 
shrinking as rates increase, keeping the various interframe spacings and/or preambles 
constant means a corresponding decrease in channel utilization. For example, a high 
data rate MIMO MPDU transmission may be just a few microseconds in length, 
compared to 802.11(g), which has a 72 fis preamble. Eliminating or reducing delays, 
such as SIFS, signal extensions, and/or preambles will increase throughput and 
utilization of the channel. 

[00111] FIG. 10 is an example embodiment of a TXOP 1010 including multiple 

consecutive transmissions without any gaps. TXOP 1010 comprises N frames 1020A - 
1020N which are transmitted sequentially without any gaps (compare this with the SIFS 
required in TXOP 810, depicted in FIG. 8). The number of frames in the TXOP is 
limited only by the buffer and the decoding capability of the receiver. When a STA is 
transmitting consecutive frames with a Block ACK in a TXOP 1010, it is unnecessary 
to intersperse SIFS durations since no other STA needs to gain access to the medium in 
between consecutive frames. An optional block ACK request 1030 is appended to the 
N frames. Certain classes of traffic may not require acknowledgement. A block ACK 
request may be responded to immediately following the TXOP, or may be transmitted at 
a later time. The frames 1020 do not require signal extensions. TXOP 1010 may be 
deployed in any of the embodiments detailed herein where a TXOP is called for. 

[00112] As shown in FIG. 10, the transmission of SIFS between consecutive frames in a 

TXOP, when all frames are transmitted by the same STA, may be eliminated. In 
802.11(e), such gaps were retained to limit the complexity requirement at the receiver. 
In the 802.11(e) standard, the 10 /xs SIFS period and the 6 /jls OFDM signal extension 
provide the receiver with a total of 16 fxs for processing the received frame (including 
demodulation and decoding). However, at large PHY rates, this 16 /xs results in 
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significant inefficiency. In some embodiments, with the introduction of MIMO 
processing, even the 16 fis may be insufficient to complete processing. 
Instead, in this example embodiment, the SIFS and OFDM signal extension between 
consecutive transmissions from one STA to the AP or to another STA (using the Direct 
Link Protocol) are eliminated. Thus, a receiver requiring an additional period after the 
completion of the transmission, for MIMO receiver processing and channel decoding 
(e.g. turbo/convolutional/LDPC decoding) may perform those functions while the 
medium is utilized for additional transmission. An acknowledgment maybe transmitted 
at a later time, as described above (using block ACK, for example). 

[00113] Due to different propagation delays between STAs, transmissions between 

different pairs of STAs may be separated by guard periods to avoid collisions at a 
receiver between consecutive transmissions on the medium from different STAs (not 
shown in FIG. lO, but detailed further below). In an example embodiment, a guard 
period of one OFDM symbol (4 /xs) is sufficient for all operating environments for 
802.11. Transmissions from the same STA to different destination STAs do not need to 
be separated by guard periods (as shown in FIG. 10). Detailed further below, these 
guard periods may be referred to as Guardband Interframe Spacings (GIFS). 

[00114] Instead of using SIFS and/or signal extension, the required receiver processing 

time (for MIMO processing and decoding, for example) may be provided through the 
use of a window-based ARQ scheme (e.g. go back N or selective repeat), techniques 
known to those of skill in the art. The stop-and-wait MAC layer ACK of legacy 802. 1 1 
has been enhanced in 802.11(e) to a window-like mechanism with up to 1024 frames 
and Block ACK, in this example. It may be preferable to introduce a standard window- 
based ARQ mechanism rather than the ad-hoc Block ACK scheme designed in 
802.11(e). 

[00115] The maximum permitted window may be determined by receiver processing 

complexity and buffering. The transmitter may be permitted to transmit enough data to 
fill the receiver window at the peak PHY rate achievable between the transmitter- 
receiver pair. For example, since the receiver processing may not be able to keep up 
with the PHY rate, the receiver may need to store soft demodulator outputs until they 
can be decoded. Therefore, the buffering requirements for physical layer processing at 
the peak PHY rate maybe used to determine the maximum permitted window. 

[00116] In an example embodiment, the receiver may advertise the maximum permitted 

PHY block size that it can process at a given PHY rate without overflowing its physical 
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layer buffers. Alternately, the receiver may advertise the maximum permitted PHY 
block size that it caxi process at the maximum PHY rate without overflowing its physical 
layer buffers. At lower PHY rates, longer block sizes may be processed without buffer 
overflow. A known formula may be used by transmitters to compute the maximum 
permitted PHY block size for a given PHY rate, from the advertised maximum 
permitted PHY block size at the maximum PHY rate. 
[00117] If the advertised maximum PHY block size is a static parameter, then the 

amount of time before the physical layer buffers may be processed and the receiver is 
ready for the next PHY burst is another receiver parameter that may be known at the 
transmitter and also at the scheduler. Alternately, the advertised maximum PHY block 
size may be varied dynamically according to the occupancy of the physical layer 
buffers. 

[00118] The receiver processing delay may be used to determine the round-trip delay for 

the ARQ, which in turn may be used to determine the delays seen by the applications. 
Therefore, to enable low-latency services, the permitted PHY block size may be limited. 

[00119] FIG. 11 depicts an example embodiment of a TXOP 1110 illustrating reducing 

the amount of preamble transmission required. TXOP 1110 comprises preamble 1120 
followed by N consecutive transmissions 1130A - 1130N. An optional block ACK 
request 1140 may be appended. In this example, a transmission 1130 comprises a 
header and a packet. Contrast TXOP 1110 with TXOP 790 of FIG. 7, in which each 
frame 740 comprises a preamble, in addition to the header and packet. By sending a 
single preamble, the required preamble transmission is one preamble instead of N 
preambles, for the same amount of transmitted data. 

[00120] Thus, the preamble 1 120 may be eliminated from successive transmissions. The 

initial preamble 1120 may be used by the receiver to acquire the signal, as well as for 
fine frequency acquisition for OFDM. For MIMO transmissions, the initial preamble 
1120 may be extended compared to the current OFDM preamble to enable the receiver 
to estimate the spatial channels. However, subsequent frames within the same TXOP 
may not require additional preambles. Pilot tones within the OFDM symbols are 
generally sufficient for signal tracking. In an alternate embodiment, additional 
(preamble-like) symbols may be interspersed periodically during the TXOP 1110. 
However, the overall preamble overhead may be significantly reduced. The preamble 
may be sent only as necessary, and may be sent differently based on the amount of time 
elapsed since a previously transmitted preamble. 
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[00121] Note that the TXOP 1110 may incorporate features of legacy systems as well. 

For example, the block ACK is optional. More frequent ACKs maybe supported. Even 
so, a lesser gap, such as GIFS, may be substituted for the. longer SIFS (plus signal 
extension, if used). The consecutive transmissions 1 130 may also include segments of a 
larger packet, as described above. Note further that the header for consecutive 
transmissions 1130 to the same receiving STA may be compressed. An example of 
compressing headers is detailed further below. 

[00122] FIG. 12 depicts an example embodiment of a method 1200 for incorporating 

various aspects just described, including consolidating preambles, removing gaps such 
as SIFS, and inserting GIFs as appropriate. The process begins in block 1210, where a 
STA earns a TXOP using any of the techniques detailed herein. In block 1220, a 
preamble is transmitted as necessary. Again, the preamble may be longer or shorter 
than a legacy preamble, and may vary depending on various parameters such as time 
elapsed since the last transmitted preamble as necessary to enable the receiving STA to 
estimate the MIMO spatial channel. In block 1230, the STA transmits one or more 
packets (or, more generally, consecutive transmissions of any kind), to a destination. 
Note that additional preambles need not be transmitted. In an alternate embodiment, 
one or more additional preambles may optionally be transmitted, or a preamble-like 
symbol may be interspersed as desired. In block 1240, the STA may optionally transmit 
to an additional receiving STA. In this case, a GIFS is inserted as necessary, and one or 
more consecutive transmissions may be transmitted to the additional receiving STA. 
Then the process may stop. In various embodiments, the STA may continue to transmit 
to more than two STAs, inserting GIFS and7or preambles as required for the desired 
level of performance. 

[00123] Hence ? as described above, MAC efficiency may be further improved by 

consolidating transmissions from a STA to multiple destination STAs into consecutive 
transmissions, thus eliminating many or all of the guard periods and reducing preamble 
overhead. A single preamble (or pilot transmission) may be used for multiple 
consecutive transmissions from the same STA to different destination STAs. 

[00124] Additional efficiency may be gained through poll consolidation. In one example 

embodiment, several polls may be consolidated into a control channel, examples of 
which are detailed below. In one example, the AP may transmit to multiple destination 
STAs a signal including poll messages to assign TXOPs. By contrast, in 802.11(e), 
each TXOP is preceded by a CF-Poll from the AP followed by a SIFS. Improved 
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efficiency results when several such CF-Poll messages are consolidated into a single 
control channel message (referred to as a SCHED message in an example embodiment, 
detailed below) used to assign several TXOPs. In a general embodiment, any period of 
time may be allocated for consolidated polls and their respective TXOPs. An example 
embodiment is detailed below with respect to FIG. 15, and further examples are also 
included herein. 

[00125] A control channel (i.e. SCHED) message may be encoded with a tiered rate 

structure to further improve efficiency. Accordingly, a poll message to any STA may 
be encoded according to tlie channel quality between the AP and the STA. The order of 
transmission of poll messages need not be the order of the assigned TXOPs, but may be 
ordered according to coding robustness. 

[00126] FIG. 13 depicts example physical layer (PHY) transmission segment 1300, 

illustrating consolidated polls and their respective TXOPs. Consolidated polls 1310 are 
transmitted. The polls may be transmitted using a control channel structure, examples 
of which are detailed herein, or may be transmitted using myriad alternate techniques, 
which will be readily apparent to one of skill in the art. In this example, to eliminate the 
need for interframe spacing between the polls and any forward link TXOPs, forward 
link TXOPs 1320 are transmitted directly after the consolidated polls 1310. Subsequent 
to the forward link TXOPs 1320, various reverse link TXOPs 1330A - 1330N are 
transmitted, with GIFS 1340 inserted as appropriate. Note that GIFS need not be 
included when sequential transmissions from one STA are made (similar to the lack of 
GIFS requirement for forward link transmissions emanating from the AP to various 
STAs). In this example, reverse link TXOPs include STA to STA (i.e. peer to peer) 
TXOPs (using DLP, for example). Note that the order of transmission shown is for 
illustration only. Forward and reverse link TXOPs (including peer to peer transmission) 
may be interchanged, or interspersed. Some configurations may not results in the 
elimination of as many gaps as other configurations. Those of skill in the art will 
readily adapt myriad alternate embodiments in light of the teaching herein. 

[00127] FIG. 14 depicts an example embodiment of a method 1400 for consolidating 

polls. The process begins in block 1410, where channel resources are allocated into one 
or more TXOPs. Any scheduling function may be deployed to make the TXOP 
allocation determination. In block 1420, polls for assigning TXOPs according to the 
allocation are consolidated. In block 1430, the consolidated polls are transmitted to one 
or more STAs on one or more control channels (i.e. the CTRLJ segments of the SCHED 
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message, in an example embodiment detailed below). In an alternate embodiment, any 
messaging technique may be deployed to transmit the consolidated polls. In block 
1440, STAs transmit TXOPs according to the polled allocations in the consolidated 
polls. Then the process may stop. This method may be deployed in conjunction with 
consolidated poll intervals of any length, which may comprise all or part of the system 
Beacon interval. Consolidated polling may be used intermittently with contention based 
access, or legacy polling, as described above. In an example embodiment, method 1400 
may be repeated periodically, or in accordance with other parameters, such as system 
loading or data transmission demand. 
[00128] An example embodiment of a MAC protocol illustrating various aspects is 

detailed with respect to FIGS. 15 and 16. This MAC protocol is detailed further in co- 
pending U.S. Patent Application Serial Nos. XX/XXX,XXX, XX/XXX,XXX, and 
XX/XXX,XXX (Attorney Docket Nos. 030428, 030433, 030436) entitled "WIRELESS 
LAN PROTOCOL STACK/' filed concurrently herewith, assigned to the assignee of 
the present invention. 

[00129] An example TDD MAC frame interval 1500 is illustrated in FIG. 15. The use of 

the term TDD MAC frame interval in this context refers to the period of time in which 
the various transmission segments detailed below are defined. The TDD MAC frame 
interval 1500 is distinguished from the generic use of the term frame to describe a 
transmission in an 802.11 system. In 802.11 terms, TDD MAC frame interval 1500 
may be analogous to the Beacon interval or a fraction of the Beacon interval. The 
parameters detailed with respect to FIGS. 15 and 16 are illustrative only. One of 
ordinary skill in the art will readily adapt this example to myriad alternate embodiments, 
using some or all of the components described, and with various parameter values. 
MAC function 150O is allocated among the following transport channel segments: 
broadcast, control, forward and reverse traffic (referred to as the downlink phase and 
uplink phase, respectively), and random access. 

[00130] In the example embodiment, a TDD MAC frame interval 1500 is Time Division 

Duplexed (TDD) over a 2 ms time interval, divided into five transport channel segments 
1510 - 1550 as shown. Alternate orders and differing frame sizes may be deployed in 
alternate embodiments. Durations of allocations on the TDD MAC frame interval 1500 
maybe quantized to some small common time interval. 

[00131] The example five transport channels within TDD MAC frame interval 1500 

include: (a) the Broadcast Channel (BCH) 1510, which carries the Broadcast Control 
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Channel (BCCH); (b) the Control Channel (CCH) 1520, which carries the Frame 
Control Channel (FCCH) and the Random Access Feedback Channel (RFCH) on the 
forward link; (c) the Traffic Channel (TCH), which carries user data and control 
information, and is subdivided into (i) the Forward Traffic Channel (F-TCH) 1530 on 
the forward link and (ii) the Reverse Traffic Channel (R-TCH) 1540 on the reverse link; 
and (d) the Random Access Channel (RCH) 1550, which carries the Access Request 
Channel (ARCH) (for UT access requests). A pilot beacon is transmitted as well in 
segment 1510. 

[00132] The downlink phase of frame 1500 comprises segments 1510 - 1530. The 

uplink phase comprises segments 1540-1550. Segment 1560 indicates the beginning of 
a subsequent TDD MAC frame interval. An alternate embodiment encompassing peer- 
to-peer transmission is illustrated further below. 

[00133] The Broadcast Channel (BCH) and beacon 1510 is transmitted by the AP. The 

first portion of the BCH 510 contains common physical layer overhead, such as pilot 
signals, including timing and frequency acquisition pilot. In an example embodiment, 
the beacon consists of 2 short OFDM symbols used for frequency and timing 
acquisition by the UTs followed by 8 short OFDM symbols of common MEVIO pilot 
used by the UTs to estimate the channel. 

[00134] The second portion of the BCH 15 10 is the data portion. The BCH data portion 

defines the allocation of the TDD MAC frame interval with respect to the transport 
channel segments: CCH 1520, F-TCH 1530, R-TCH 1540 and RCH 1550, and also 
defines the composition of the CCH with respect to subchannels. In this example, the 
BCH 1510 defines the coverage of the wireless LAN 120, and so is transmitted in the 
most robust data transmission mode available. The length of the entire BCH is fixed. 
In an example embodiment, the BCH defines the coverage of a MIMO-WLAN, and is 
transmitted in Space Time Transmit Diversity (STTD) mode using rate 1/4 coded 
Binary Phase Shift Keying (BPSK). In this example, the length of the BCH is fixed at 
10 short OFDM symbols. Various other signaling techniques may be deployed in 
alternate embodiments. 

[00135] The Control Channel (CCH) 1520, transmitted by the AP, defines the 

composition of the remainder of the TDD MAC frame interval, and illustrates the use of 
consolidated polls. The CCH 1520 is transmitted using highly robust transmission 
modes in multiple subchannels, each subchannel with a different data rate. The first 
subchannel is the most robust and is expected to be decodable by all the UTs. In an 
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example embodiment, rate 1/4 coded BPSK is used for the first CCH sub-channel. 
Several other subchannels with decreasing robustness (and increasing efficiency) are 
also available. Li an example embodiment, up to three additional sub-channels are used. 
Each UT attempts to decode all subchannels in order until a decoding fails. The CCH 
transport channel segment in each frame is of variable length, the length depending on 
the number of CCH messages in each subchannel. Acknowledgments for reverse link 
random access bursts are carried on the most robust (first) subchannel of the CCH. 

[00136] The CCH contains assignments of physical layer bursts on the forward and 

reverse links, (analogous to consolidated polls for TXOPs). Assignments may be for 
transfer of data on the forward or reverse link. In general, a physical layer burst 
assignment comprises: (a) a MAC ID; (b) a value indicating the start time of the 
allocation within the frame (in the F-TCH or the R-TCH); (c) the length of the 
allocation; (d) the length of the dedicated physical layer overhead; (e) the transmission 
mode; and (f) the coding and modulation scheme to be used for the physical layer burst. 

[00137] Other example types of assignments on the CCH include: an assignment on the 

reverse link for the transmission of a dedicated pilot from a UT, or an assignment on the 
reverse link for the transmission of buffer and link status information from a UT. The 
CCH may also define portions of the frame that are to be left unused. These unused 
portions of the frame may be used by UTs to make noise floor (and interference) 
estimates as well as to measure neighbor system beacons. 

[00138] The Random Access Channel (RCH) 1550 is a reverse link channel on which a 

UT may transmit a random access burst. The variable length of the RCH is specified 
for each frame in the BCH. 

[00139] The Forward Traffic Channel (F-TCH) 1530 comprises one or more physical 

layer bursts transmitted from the AP 104. Each burst is directed to a particular MAC ID 
as indicated in the CCH assignment. Each burst comprises dedicated physical layer 
overhead, such as a pilot signal (if any) and a MAC PDU transmitted according to the 
transmission mode and coding and modulation scheme indicated in the CCH 
assignment. The F-TCH is of variable length. In an example embodiment, the 
dedicated physical layer overhead may include a dedicated MEMO pilot. An example 
MAC PDU is detailed with respect to FIG. 16. 

[00140] The Reverse Traffic Channel (R-TCH) 1540 comprises physical layer burst 

transmissions from one or more UTs 106. Each burst is transmitted by a particular UT 
as indicated in the CCH assignment. Each burst may comprise a dedicated pilot 
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preamble (if any) and a MAC PDU transmitted according to the transmission mode and 
coding and modulation scheme indicated in the CCH assignment. The R-TCH is of 
variable length. 

[00141] In the example embodiment, the F-TCH 530, the R-TCH 540, or both, may use 

spatial multiplexing or code division multiple access techniques to allow simultaneous 
transmission of MAC PDUs associated with different UTs. A field containing the MAC 
ID with which the MAC PDU is associated (i.e. the sender on the uplink, or the 
intended recipient on the downlink) may be included in the MAC PDU header. This 
may be used to resolve any addressing ambiguities that may arise when spatial 
multiplexing or CDMA are used. In alternate embodiments, when multiplexing is based 
strictly on time division techniques, the MAC ID is not required in the MAC PDU 
header, since the addressing information is included in the CCH message allocating a 
given time period in the TDD MAC frame interval to a specific MAC ID, Any 
combination of spatial multiplexing, code division multiplexing, time division 
multiplexing, and any other technique known in the art may be deployed. 

[00142] FIG. 16 depicts the formation of an example MAC PDU 1660 from a packet 

1610, which may be an IP datagram or an Ethernet segment, in this example. Example 
sizes and types of fields are described in this illustration. Those of skill in the art will 
recognize that various other sizes, types, and configurations are contemplated within the 
scope of the present invention. 

[00143] As shown, the data packet 1610 is segmented at an adaptation layer. Each 

adaptation sublayer PDU 1630 carries one of these segments 1620. In this example, 
data packet 1610 is segmented into N segments 1620A - N. An adaptation sublayer 
PDU 1630 comprises a payload 1634 containing the respective segment 1620. A type 
field 1632 (one byte in this example) is attached to the adaptation sublayer PDU 1630. 

[00144] A Logical Link (LL) header 1642 (4 bytes in this example) is attached to the 

payload 1644, which comprises the adaptation layer PDU 1630. Example information 
for LL header 1642 includes a stream identifier, control information, and sequence 
numbers. A CRC 1646 is computed over the header 1642 and the payload 1644, and 
appended to form a logical link sublayer PDU (LL PDU) 1640. Logical Link Control 
(LLC) and Radio Link Control (RLC) PDUs may be formed in similar fashion. LL 
PDUs 1640, as well as LLC PDUs and RLC PDUs, are placed in queues (for example, a 
high QoS queue, a best effort queue, or control message queue) for service by a MUX 
function. 
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[00145] A MUX header 1652 is attached to each LL PDU 1640. An example MUX 

header 1652 may comprise a length and a type (the header 1652 is two bytes in this 
example). A similar header may be formed for each control PDU (i.e. LLC and RLC 
PDUs). The LL PDU 1640 (or LLC or RLC PDU) forms the payload 1654. The header 
1652 and payload 1654 form the MUX sublayer PDU (MPDU) 1650 (MUX sublayer 
PDUs are also referred to herein as MUX PDUs). 

[00146] Communication resources on the shared medium are allocated by the MAC 

protocol in a series of TDD MAC frame intervals, in this example. In alternate 
embodiments, examples of which are detailed further below, these type of TDD MAC 
frame intervals may be interspersed with various other MAC functions, including 
contention based or polled, and including interfacing with legacy systems using other 
types of access protocols. As described above, a scheduler may determine the size of 
physical layer bursts allocated for one or more MAC IDs in each TDD MAC frame 
interval (analogous to consolidated polled TXOPs). Note that not every MAC ID with 
data to be transmitted will necessarily be allocated space in any particular TDD MAC 
frame interval. Any access control or scheduling scheme may be deployed within the 
scope of the present invention. When an allocation is made for a MAC ID, a respective 
MUX function for that MAC ID will form a MAC PDU 1660!, including one or more 
MUX PDUs 1650 for inclusion in the TDD MAC frame interval. One or more MUX 
PDUs 1660, for one or more allocated MAC IDs will be included in a TDD MAC frame 
interval (i.e. TDD MAC frame interval 1500, detailed with respect to FIG. 15, above). 

[00147] In an example embodiments one aspect allows for a partial MPDU 1650 to be 

transmitted, allowing for efficient packing in a MAC PDU 1660. In this example, the 
untransmitted bytes of any partial MPDUs 1650 left over from a previous transmission 
may be included, identified by partial MPDU 1664. These bytes 1664 will be 
transmitted ahead of any new PDUs 1666 (i.e. LL PDUs or control PDUs) in the current 
frame. Header 1662 (two bytes in this example) includes a MUX pointer, which points 
to the start of the first new MPDU (MPDU 1666A in this example) to be transmitted in 
the current frame. Header 1662 may also include a MAC address. 

[00148] The MAC PDU 1660 comprises the MUX pointer 1662, a possible partial MUX 

PDU 1664 at the start (left over from a previous allocation), followed by zero or more 
complete MUX PDUs 1666A - N, and a possible partial MUX PDU 1668 (from the 
current allocation) or other padding, to fill the allocated portion of the physical layer 
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burst. The MAC PDU 1660 is carried in the physical layer burst allocated to the MAC 
ID. 

[00149] Thus, the example MAC PDU 1660 illustrates a transmission (or frame, in 

802.11 terminology), that may be transmitted from one STA to another, including 
portions of data from one or more flows directed to that destination STA. Efficient 
packing is achieved with the optional use of partial MUX PDUs. Each MAC PDU may 
be transmitted in a TXOP (using 802.11 terminology), at a time indicated in the 
consolidated poll included in the CCH. 

[00150] The example embodiment detailed in FIGS. 15-16 illustrates various aspects, 

including consolidated polls, reduced preamble transmission, and elimination of gaps by 
sequentially transmitting physical layer bursts from each STA (including the AP). 
These aspects are applicable to any MAC protocol, including 802.1 1 systems. Detailed 
further below are alternate embodiments illustrating various other techniques for 
achieving MAC efficiency, as well as supporting peer-to-peer transmission, and 
integrating with and/or cooperating with existing legacy protocols or systems. 

[00151] As described above, various embodiments detailed herein may employ channel 

estimation and tight rate control. Enhanced MAC efficiency may be gained through 
minimizing unnecessary transmission on the medium, but inadequate rate control 
feedback may, in some cases, reduce the overall throughput. Thus, sufficient 
opportunities may be provided for channel estimation and feedback to maximize the 
transmitted rate on all MIMO modes, in order to prevent the loss of throughput due to 
inadequate channel estimation, which may offset any MAC efficiency gains. Therefore, 
as described above, and detailed further below, example MAC embodiments may be 
designed to provide sufficient preamble transmission opportunities, as well 
opportunities for receivers to provide rate control feedback to the transmitter. 

[00152] In one example, the AP periodically intersperses MIMO pilot in its 

transmissions (at least every TP ms, where TP may be a fixed or variable parameter). 
Each STA may also begin its polled TXOP with a MIMO pilot that may be used by 
other STAs and the AP to estimate the channel. For the case of a transmission to the AP 
or to another STA using the Direct Link Protocol (detailed further below), the MIMO 
pilot may be a steered reference to help simplify receiver processing at the destination 
STA. 

[00153] The AP may also provide opportunities to the destination STA to provide ACK 

feedback. The destination STA may also use these feedback opportunities to provide 
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rate control feedback for available MIMO modes to the transmitting STA. Such rate 
control feedback is not defined in legacy 802.11 systems, including 802.11(e). The 
introduction of MIMO may increase the total amount of rate control information (per 
MIMO mode). In some instances, to maximize the benefit of improvements in MAC 
efficiency, these may be complemented by tight rate control feedback. 
[00154] Another aspect introduced here, and detailed further below, is backlog 

information and scheduling for ST As. Each STA may begin its TXOP with a preamble 
followed by a requested duration of the next TXOP. This information is destined for the 
AP. The AP collects information on the next requested TXOP from several different 
STAs and determines the allocation of duration on the medium of TXOPs for a 
subsequent TDD MAC frame interval. The AP may use different priority or QoS rules 
to determine how to share the medium, or it may use very simple rules to proportionally 
share the medium according to the requests from the STAs. Any other scheduling 
technique may also be deployed. The allocations for the TXOPs for the next TDD 
MAC frame interval are assigned in the subsequent control channel message from the 
AP. 

Designated Access Point 

[00155] In embodiments detailed herein, a network may support operation with or 

without a true access point. When a true AP is present, it may be connected, for 
example, to a wired fat pipe connection (i.e. cable, fiber, DSL or T1/T3, Ethernet) or a 
home entertainment server. In this case, the true AP may be the source and sink for the 
majority of data flowing between devices in the network. 

[00156] When no true AP exists, stations may still communicate with one another using 

techniques like the Distributed Coordination Function (DCF) or 802.1 lb/g/a or the 
Enhanced Distributed Channel Access of 802.1 le, as described above. As detailed 
further below, when additional resources are required, more efficient use of the medium 
may be accomplished with a centralized scheduling scheme. This network architecture 
might arise, for example, in a home where many different devices need to communicate 
with one another (i.e. DVD-TV, CD-Amp-Speakers, etc.). In this case, the network 
stations automatically designate one station to become the AP. Note that, as detailed 
below, an Adaptive Coordination Function (ACF) may be utilized with a designated 
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access point, and may be deployed with centralized scheduling, random access, ad-hoc 
communication, or any combination thereof. 

[00157] Certain, but not necessarily all, non-AP devices may have enhanced MAC 

capability and are suitable for operation as a designated AP. It should be noted that not 
all devices need to be designed to be capable of designated AP MAC capability. When 
QoS (e.g., guaranteed latency), high throughput, and/or efficiency is critical, it may be 
necessary that one of the devices in the network be capable of designated AP operation. 

[00158] This means that designated AP capability will generally be associated with 

devices with higher capability, e.g., with one or more attributes such as line power, 
large number of antennas and/or transmit/receive chains, or high throughput 
requirement. (Additional factors for selecting a designated AP are detailed further 
below.) Thus, a low-end device such as a low-end camera or phone need not be 
burdened with designated AP capability, while a high-end device such as high-end 
video source or a high definition video display may be equipped with designated AP 
capability. 

[00159] In a no-AP network, the designated AP assumes the role of the true AP and may 

or may not have reduced functionality. In various embodiments, a designated AP may 
perform the following: (a) establish the network Basic Service Set (BSS) ID; (b) set 
network timing by transmitting a beacon and broadcast channel (BCH) network 
configuration information (the BCH may define composition of the medium until the 
next BCH); (c) manage connections by scheduling transmissions of stations on the 
network using a Forward Control Channel (FCCH); (d) manage association; (e) provide 
admission control for QoS flows; and/or (f) various other functions. The designate AP 
may implement a sophisticated scheduler, or any type of scheduling algorithm. A 
. simple scheduler may be deployed, an example of which is detailed further below. 

[00160] A modified Physical Layer Convergence Protocol (PLCP) header is detailed 

below with respect to peer-peer communications, that is also applicable for designated 
APs. In one embodiment, the PLCP header of all transmissions is transmitted at the 
basic data rate that can be decoded by all stations (including the designated AP). The 
PLCP header of transmissions from stations contains data backlog at the station 
associated with a given priority or flow. Alternately, it contains a request for duration 
of a subsequent transmission opportunity for a given priority or a flow. 

[00161] The designated AP may determine backlog or transmission opportunity 

durations requested by the stations by "snooping" in the PLCP Headers of all station 
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transmissions. The designated AP may determine the fraction of time to be allocated to 
EDCA-based (distributed access) and the fraction of time allocated to contention-free 
polled (centralized) access based on load, collisions, or other congestion measures. The 
designated AP may run a rudimentary scheduler that allocates bandwidth in proportion 
to the requests and schedules them in the contention-free period. Enhanced schedulers 
are permitted but not mandated. The scheduled transmissions may be announced by the 
designated AP on the CCH (control channel). 

[00162] A designated AP may not be required to echo one station's transmission to 

another station (i.e. serve as a hop point), although this functionality is allowed. A true 
AP maybe capable of echoing. 

[00163] When selecting a designated access point, a hierarchy may be created to 

determine which device should serve as access point. Example factors that may be 
incorporated in selecting a designated access point include the following: (a) user over- 
ride; (b) higher preference level; (c) security level; (d) capability: line power; (e) 
capability: number of antennas; (f) capability: max transmit power; (g) to break a tie 
based on other factors: Medium Access Control (MAC) address; (h) first device 
powered on; (i) any other factors. 

[00164] la practice, it may be desirable for the designated AP to be centrally located and 

have the best aggregate Rx SNR CDF (i.e. be able to receive all stations with a good 
SNR). In general, the more antennas a station has, the better the receive sensitivity. In 
addition, the designated AP may have a higher transmit power so that the designated AP 
may be heard by a large number of stations. These attributes can be assessed and 
exploited to allow the network to dynamically reconfigure as stations are added and/or 
moved around. 

[00165] Peer-to-peer connections may be supported in cases where the network is 

configured with a true AP or a designated AP. Peer-to-peer connections, in general, are 
detailed in the next section below. In one embodiment, two types of peer-to-peer 
connections may be supported: (a) managed peer-to-peer, where the AP schedules 
transmissions for each station involved; and (b) ad-hoc, where the AP is not involved in 
the management or scheduling of station transmissions. 

[00166] The designated AP may set the MAC frame interval and transmit a beacon at the 

start of the frame. The broadcast and control channels may specify allocated durations 
in the frame for the stations to transmit. For stations that have requested allocations for 
peer-to-peer transmissions (and these requests are known to the AP), the AP may 
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provide scheduled allocations. The AP may announce these allocations in the control 
channel, such as, for example, with every MAC frame. 

[00167] Optionally, the AP may also include an A-TCH (ad hoc) segment in the MAC 

frame (detailed further below). The presence of the A-TCH in the MAC frame may be 
indicated in the BCH and FCCH. During the A-TCH, stations may conduct peer-to- 
peer communication using CSMA/CA procedures. The CSMA/CA procedures of the 
IEEE Wireless LAN Standard 802.11 maybe modified to exclude the requirement for 
immediate ACK. A station may transmit a MAC-PDU (Protocol Data Unit) consisting 
of multiple LLC-PDUs when the station seizes the channel. The maximum duration 
that may be occupied by a station in the A-TCH may be indicated in the BCH. For 
acknowledged LLC, the window size and maximum acknowledgment delay may be 
negotiated according to the required application delay. A modified MAC frame with an 
A-TCH segment, for use with both true APs and designated APs, is detailed further 
below with respect to FIG. 20. 

[00168] In one embodiment, the unsteered MEMO pilot may enable all stations to learn 

the channel between themselves and the transmitting station. This may be useful in 
some scenarios. Further, the designated AP may use the unsteered MIMO pilot to allow 
channel estimation and facilitate demodulation of the PCCH from which allocations can 
be derived. Once the designated AP receives all requested allocations in a given MAC 
frame, it may schedule these for the subsequent MAC frame. Note that rate control 
information does not have to be included in the FCCH. 

[00169] In one embodiment, the scheduler may perform the following operations: First, 

the scheduler collects all the requested allocations for the next MAC frame and 
computes the aggregate requested allocation (Total Requested). Second, the scheduler 
computes the total resource available for allocation to the F-TCH and the R-TCH (Total 
Available). Third, if Total Requested exceeds Total Available, all requested allocations 
are scaled by the ratio defined by Total Available/Total Requested. Fourth, for any 
scaled allocations that are less than 12 OFDME symbols, these allocations are increased 
to 12 OFDM symbols (in the example embodiment; alternate embodiments may be 
deployed with alternate parameters). Fifth, to accommodate the resulting allocations in 
the F-TCH + R-TCH, any excess OFDM symbols and/or guard times may be 
accommodated by reducing all allocations larger than 12 OFDM symbols, one symbol 
at a time in round-robin fashion starting from the largest. 
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[00170] An example illustrates the embodiment just described. Consider allocation 

requests as follows: 20, 40, 12, 48. Thus, Total Requested = 120. Assume that Total 
Available = 90. Also assume that the guard time required is 0.2 OFDM symbols. Then, 
as detailed in the third operation above, the scaled allocations are: 15, 30, 9, 36. As 
detailed in the fourth operation above, an allocation of 9 is increased to 12. According 
to the fifth operation, adding the revised allocations and the guard time, the total 
allocation is 93.8. This means that the allocations are to be reduced by 4 symbols. By 
starting with the largest, and removing one symbol at a time, a final allocation of 14, 29, 
12, 34 is determined (i.e. a total of 89 symbols and 0.8 symbols for guard times). 

[00171] In an example embodiment, when the designated AP is present, it may establish 

the Beacon for the BSS and set network timing. Devices associate with the designated 
AP. When two devices associated with a designated AP require a QoS connection, e.g. 
a HDTV link with low latency and high throughput requirement, they provide the traffic 
specification to the designated AP for admission control. The designated AP may admit 
or deny the connection request. 

[00172] If the medium utilization is sufficiently low, the entire duration of the medium 

between beacons may be set aside for EDCA operation using CSMA/CA. If the EDCA 
operation is running smoothly, e.g., there are no excessive collisions, back-offs and 
delays, the designated AP does not need to provide a coordination function. 

[00173] The designated AP may continue to monitor the medium utilization by listening 

to the PLCP headers of station transmissions. Based on observing the medium, as well 
as the backlog or transmission opportunity duration requests, the designated AP may 
determine when EDCA operation is not satisfying the required QoS of admitted flows. 
For example it may observe the trends in the reported backlogs or requested durations, 
and compare them against the expected values based on the admitted flows. 

[00174] When the Designated AP determines that the required QoS is not being met 

under distributed access, it can transition operation on the medium to operation with 
polling and scheduling. The latter provides more deterministic latency and higher 
throughput efficiency. Examples of such operation are detailed further below. 

[00175] Thus 5 adaptive transition from EDCA (distributed access scheme) to scheduled 

(centralized) operation as a function of the observation of the medium utilization, 
collisions, congestion, as well as, observation of the transmission opportunity requests 
from transmitting stations and comparison of the requests against admitted QoS flows 
may be deployed. 



WO 2005/039105 PCT/US2004/034259 

33 

[00176] As mentioned previously, in any embodiment detailed throughout this 

specification, where an access point is described, one of skill in the art will recognize 
that the embodiment may be adapted to operate with a true access point or a designated 
access point. A designated access point may also be deployed and/or selected as 
detailed herein, and may operate according to any protocol, including protocols not 
described in this specification, or any combination of protocols. 

Peer-to-Peer Transmission and Direct Link Protocol (DLP) 

[00177] As described above, peer-to-peer (or simply referred to as "peer-peer") 

transmission allows one STA to transmit data directly to another STA, without sending 
the data first to an AP. Various aspects detailed herein may be adopted for use with 
peer-to-peer transmission. In one embodiment, the Direct Link Protocol (DLP) may be 
adapted as detailed further below. FIG. 17 depicts an example peer-to-peer 
communication within a system 100. In this example, system 100, which may be 
similar to system 100 depicted in FIG. 1, is adapted to allow direct transmission from 
one UT to another (in this example, transmission between UT 106 A and UT 106B is 
illustrated). UTs 106 may perform any communication directly with AP 104 on WLAN 
120, as detailed herein. 

[00178] In various example embodiments, two types of peer-peer connections may be 

supported: (a) Managed peer-peer, in which the AP schedules transmissions for each 
STA involved, and (b) Ad-hoc, in which the AP is not involved in the management or 
scheduling of STA transmissions. An embodiment may include either or both types of 
connections. In an example embodiment, a transmitted signal may comprise a portion 
including common information that is receivable by one or more stations, possibly 
including an access point, as well as information specifically formatted for reception by 
a peer-peer receiving station. The common information may be used for scheduling (as 
shown in FIG. 25, for example) or for contention, backoff by various neighbor stations 
(shown in FIG. 26, for example). 

[00179] Various example embodiments, detailed below, illustrate closed loop rate 

control for peer-peer connections. Such rate control may be deployed to take advantage 
of available high data rates. 

[00180] For clarity of discussion, various features (i.e. acknowledgement) are not 

necessarily detailed in example embodiments. Tlaose of skill in the art will recognize 
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that features disclosed herein may be combined to form any number of sets and subsets 
in various embodiments. 

[00181] FIG. 18 depicts a prior art physical layer burst 1800. A preamble 1810 may be 

transmitted, followed by a Physical Layer Convergence Protocol Header (PLCP) header 
1820. Legacy 802.11 systems define a PLCP header to include rate type and 
modulation format for data transmitted as data symbols 1830. 

[00182] FIG. 19 depicts an example physical layer burst 1900, which may be deployed 

for peer-peer transmission. As in FIG. 18, preamble 1810 and PLCP header 1820 may 
be included, followed by a peer-peer transmission, labeled P2P 1940. P2P 1940 may 
comprise a MEMO pilot 1910 for use by the receiving UT. MIMO rate feedback 1920 
may be included for use by the receiving UT in future transmission back to the sending 
UT. Rate feedback may be generated in response to a previous transmission from the 
receiving station to the transmitting station. Then data symbols 1930 may be 
transmitted according to the selected rate and modulation format for the peer-peer 
connection. Note that a physical layer burst, such as PHY burst 1900, may be used with 
AP managed peer-peer connection, as well as with ad hoc peer-peer transmission. 
Example rate feedback embodiments are described below. Alternate embodiments of 
physical layer transmission bursts including these aspects are also included below. 

[00183] In an example embodiment, an AP sets the TDD MAC frame interval. 

Broadcast and control channels may be deployed to specify allocated durations in the 
TDD MAC frame interval. For STAs that have requested allocations for peer-peer 
transmissions (and known to the AP), the AP may provide scheduled allocations and 
announce these in the control channel every TDD MAC frame interval. An example 
system is described above with respect to FIG. 15. 

[00184] FIG. 20 depicts an example embodiment of a TDD MAC frame interval 2000 

including an optional ad hoc segment, identified as A-TCH 2010. The like numbered 
sections of TDD MAC frame interval 2000 may be included an operate substantially as 
described above with respect to FIG. 15. The presence of the A-TCH 2010 in the TDD 
MAC frame interval 2000 may be indicated in the BCH 510 and/or CCH 520. During 
the A-TCH 2010, STAs may conduct peer-to-peer communication using any contention 
procedure. For example, 802.11 techniques such as SIFS, DIFS, backoff, etc., as 
detailed above maybe deployed. QoS techniques, such as those introduced in 802.11(e) 
(i.e. AJFS) may optionally be deployed. Various other contention based schemes may 
be deployed as well. 
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[00185] In an example embodiment, CSMA/CA procedures for contention, such as those 

defined in 802.1 1, may be modified as follows. Immediate ACK is not required. A 
STA may transmit a MAC Protocol Data Unit (MAC-PDU) consisting of multiple 
PDUs (i.e. LLC-PDUs) when it seizes the channel. A maximum duration occupied by a 
STA in the A-TCH may be indicated in the BCH. When acknowledged transmission is 
desired, a window size and maximum acknowledgment delay may be negotiated 
according to the required application delay. 

[00186] In this example, the F-TCH 530 is the portion of the TDD MAC frame interval 

for transmissions from the AP to STAs. Peer-to-peer communications between STAs 
using contention techniques may be conducted in the A-TCH 2010. Scheduled peer-to- 
peer communications between STAs may be conducted in the R-TCH 540. Any of 
these three segments may be set to null. 

[00187] FIG. 21 depicts an example physical layer burst 2100, also referred to as a "PHY 

burst". PHY burst 2100 may be deployed with scheduled peer-peer connections, such 
as during R-TCH 540, or during ad hoc connections such as A-TCH 2010, as detailed 
above with respect to FIG. 20. PHY burst 2100 comprises un-steered MEMO pilot 
2110, Peer Common Control Channel (PCCH) 2120, and one or more data symbols 
2130. The unsteered MIMO pilot 2110 may be received at one or more stations, and 
may be used as a reference by a receiving station to estimate the respective channel 
between the transmitting station and the receiving station. This example PCCH 
comprises the following fields: (a) a destination MAC-ID, (b) an allocation request for a 
desired transmission duration for the next TDD MAC frame interval, (c) a transmission 
rate indicator to indicate the transmission format for the current data packet, (d) a 
control channel (i.e. CCH) subchannel for receiving any allocation from the AP, and (e) 
a CRC. The PCCH 2120, along with un-steered MIMO pilot 2110, is a common 
segment that may be received by various listening stations, including the access point. 
A request for allocation may be inserted in the PCCH to allow for a managed peer-peer 
connection in a future TDD MAC frame interval. Such a PHY burst may be included in 
an ad-hoc connection, and may still request an allocation for scheduled peer to peer in a 
future TDD MAC frame interval. In the example embodiment, the unsteered MIMO 
pilot is eight OFDM symbols (in alternate embodiments, detailed below, fewer symbols 
may be sufficient for channel estimation) and the PCCH is two OFDM symbols. 
Following the common segment, comprising unsteered MIMO pilot 2110 and PCCH 
2120, one or more data symbols 2130 are transmitted using spatial multiplexing and/or 
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higher modulation formats as determined by each STA in the peer-peer connection. 
This portion of the transmission is coded according to rate control information 
embedded in the data portion of the transmission. Thus, a portion of the PHY burst 
2100 is receivable by multiple surrounding stations, while the actual data transmission 
is tailored for efficient transmission to one or more specific peer-peer connected stations 
or the AP. Data at 2130 may be transmitted as allocated by an access point, or may be 
transmitted in accordance with an ad-hoc connection (i.e. CSMA/CA contention based 
procedures). 

[00188] An example embodiment of a PHY burst comprises a preamble consisting of 8 

OFDM symbols of un-steered MIMO reference. A Peer Common Control Channel 
(PCCH) MAC-PDU header is included in the subsequent 2 OFDM symbols, using 
STTD mode, encoded with R=l/2 BPSK. The MAC-ID is 12 bits. An 8-bit allocation 
request is included for reception by the AP for a desired duration in the next TDD MAC 
frame interval (thus the maximum request is 256 short OFDM symbols). The TX Rate 
is 16 bits to indicate the rate being used in the current packet. The FCCH subchannel 
preference is two bits, corresponding to a preference between up to four subchannels, on 
which the AP should make any applicable allocation. The CRC is 10 bits. Any number 
of other fields and/or field sizes may be included in an alternate PHY burst 
embodiment. 

[00189] In this example, the remainder of the MAC-PDU transmission uses spatial 

multiplexing and higher modulations as determined by each STA in the peer-peer 
connection. This portion of the transmission is coded according to the rate control 
information embedded in the data portion of the transmission. 

[00190] FIG. 22 depicts example method 2200 for peer-peer data transmission. The 

process begins in block 2210 where a station transmits an unsteered MIMO pilot. In 
block 2220, the station transmits commonly decodable information. For example, 
unsteered MIMO pilot 2110 and PCCH 2120 serve as an example of a mechanism for 
requesting allocation in a managed connection, for which the AP, or other scheduling 
station, would need to be able to decode the portion of the signal comprising the 
request. Those of skill in the art will recognize myriad alternate request mechanisms for 
scheduling peer-peer connections on a shared channel. In block 2230, data is 
transmitted from one station to another in accordance with negotiated transmission 
formats. In this example, steered data is transmitted using rates and parameters as 
determined in accordance with measurements of unsteered MIMO pilot 21 10. Those of 
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skill in the art will recognize various alternate means for transmitting data tailored for a 
specific peer-peer channel. 

[00191] FIG. 23 depicts example method 2300 for peer-peer communication. This 

example method 2300 illustrates several aspects, subsets of which may he deployed in 
any given embodiment. The process begins in decision block 2310. In decision block 
2310, if there is data for STA-STA transfer, proceed to decision block 2320. If not, 
proceed to block 2370 and perform any other type of communication, including other 
access types, if any. Proceed to decision block 2360 where the process may repeat by 
returning to decision block 23 10, or the process may stop. 

[00192] In decision block 2320, if there is STA-STA data for transmission, determine 

whether the peer-peer connection is to be scheduled or ad hoc. If the transmission is to 
be scheduled proceed to block 2320 and request an allocation to earn a TXOP. Note 
that an allocation request may be made during a random access portion of a TDD MAC 
frame interval, as described above, or may be included in an ad hoc transmission. Once 
an allocation is made, in block 2350 a STA-STA physical burst may be transmitted. In 
an example embodiment, method 2200 may serve as one type of STA-STA PHY burst. 

[00193] In decision block 2320, if scheduled peer-peer connection is not desired, proceed 

to block 2340 to contend for access. For example, the A-TCH 2010 segment of TDD 
MAC frame interval 2000 may be used. When an access has been earned successfully 
through contention proceed to block 2350 and transmit a STA-STA PHY burst, as 
described above. 

[00194] From block 2350, proceed to decision block 2360 where the process may repeat, 

as described above, or may stop. 

[00195] FIG. 24 depicts example method 2400 for providing rate feedback for use in 

peer-peer connection. This FIG illustrates various transmissions and other steps that 
may be performed by two stations, STA 1 and STA 2. STA 1 transmits an unsteered 
pilot 2410 to STA 2. STA 2 measures the channel 2420 while receiving unsteered pilot 
2410. In an example embodiment STA 2 determines a supportable rate for transmission 
on the channel as measured. This rate determination is transmitted as rate feedback 
2430 to STA 1. In various alternate embodiments, alternate parameters may be 
delivered to allow for a rate feedback decision to be made at STA 1. At 2440, STA 1 
receives a scheduled allocation or contends for a transmit opportunity, for example 
during A-TCH. Once a transmit opportunity has been earned, at 2450, STA 1 transmits 
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to STA 2 data at a rate and modulation format determined in response to rate feedback 
2430. 

[00196] The method illustrated in FIG. 24 may be generalized and applied to various 

embodiments, as will be readily apparent to those with skill in the art. Some examples 
incorporating peer-peer rate feedback, as well as other aspects are detailed further 
below. 

[00197] FIG. 25 depicts method 2500 illustrating managed peer-peer connection between 

two stations, STA 1 and STA 2, and an access point (AP). At 2505, STA 1 transmits an 
unsteered pilot as well as a request for an allocation. Data may also be transmitted 
according to an earlier allocation and previous rate feedback, as will be illustrated 
below. Further, any such data may be transmitted according to rate feedback from a 
previous managed peer-peer connection or from ad hoc communication originated by 
either STA 1 or STA 2. The unsteered pilot and request for transmission is received by 
both STA 2 and the access point (and may be receivable by various other stations in the 
area). 

[00198] The access point receives the request for transmission, and, in accordance with 

one of any number of scheduling algorithms, makes a determination of when and 
whether to make an allocation for the peer-peer communication. STA 2 measures the 
channel while the unsteered pilot in 2505 is transmitted and may make a determination 
about the supportable rate for peer-peer communication with STA 1. Optionally, STA 2 
may also receive rate feedback and/or data from STA 1 in accordance with a previous 
transmission. 

[00199] In this example, the access point has determined an allocation will be made for 

the requested transmission. At 2515 an allocation is transmitted from the access point 
to STA 1. In this example, allocations on the R-TCH 540, are transmitted during the 
control channel, such as CCH 520, illustrated above. Similarly at 2520 an allocation on 
the R-TCH is made for STA 2. At 2525, STA 1 receives the allocation from the access 
point. At 2530 STA 2 receives the allocation from the access point. 

[00200] STA 2 transmits rate feedback at 2535, in accordance with allocation 2520. 

Optionally, a request for scheduled transmission may be included, as described above, 
as well as any data to be transmitted in accordance with a previous request. The rate 
feedback transmitted is selected in accordance with the channel measurement 2510, as 
described above. The PHY burst of 2535 may include an unsteered pilot as well. At 
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2540 STA 1 measures the channel from STA 2, receives the rate feedback, and may 
receive optional data as well. 

[00201] At 2545, in accordance with allocation 2515, STA 1 transmits data in 

accordance with the rate feedback information received. In addition, a request may be 
made for a future allocation as well as rate feedback in accordance with the channel 
measurement at 2540. The data is transmitted according to the specific channel 
measurement for the peer-peer communication. At 2550 STA 2 receives the data as 
well as any optionally transmitted rate feedback. STA 2 may also measure the channel 
to provide rate feedback for future transmissions. 

[00202] Note that both transmissions 2535 and 2545 are receivable by the access point, 

at least the unsteered portion, as described above. Thus for any included request, the 
access point may make additional allocations for future transmissions as indicated by 
allocations 2555 and 2560 to STA 1 and STA 2, respectively. At 2565 and 2570, STA 1 
and STA 2 receive their respective allocations. The process may then iterate 
indefinitely with the access point managing access on the shared medium and STA 1 
and STA 2 transmitting peer-peer communication directly to each other at rates and 
modulation formats selected as supportable on the peer-peer channel. Note that, in an 
alternate embodiment, ad hoc peer-peer communication may also be performed along 
with the managed peer-peer communication illustrated in FIG. 25. 

[00203] FIG. 26 illustrates a contention based (or ad hoc) peer-peer connection. STA 1 

and STA 2 will communicate with each other. Other STAs may also be in receiving 
range and may access the shared channel. At 2610 STA 1, having data to transmit to 
STA 2, monitors the shared channel and contends for access. Once a transmit 
opportunity has been earned, peer-peer PHY burst 2615 is transmitted to STA 2 which 
may also be received by other STAs. At 2620, other STAs, monitoring the shared 
channel, may receive the transmission from STA 1 and know to avoid accessing the 
channel. For example, a PCCH, described above, may be included in the transmission 
2615. At 2630, STA 2 measures the channel in accordance with an unsteered pilot, and 
contends for return access on the shared channel. STA 2 may also transmit data, as 
necessary. Note that contention time may vary. For example, an ACK may be returned 
following SIFS in a legacy 802.11 system. Since SIFS is highest priority, STA 2 may 
responds without losing the channel. Various embodiments may allow for less delay, 
and may provide for return data with high priority. 
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[00204] At 2635, STA 2 transmits rate feedback along with optional data to STA 1. At 

2640, STA 1 receives the rate feedback, contends once more for access to the shared 
medium, and transmits at 2645 to STA 2 in accordance with the received rate feedback. 
At 2640, STA 1 may also measure the channel to provide rate feedback to STA 2 for 
future transmission, and may receive any optional data transmitted by STA 2. At 2650, 
STA 2 receives the data transmission 2645 in accordance with the rate and modulation 
format determined by the measured channel conditions. STA 2 may also receive rate 
feedback for use in returning a transmission to STA 1. STA 2 may also measure the 
channel to provide fixture rate feedback. The process may thus repeat by returning to 
2635 for STA 2 to return rate feedback as well as data. 

[002051 Thus, two stations may perform ad hoc communication in both directions by 

contending for access. The peer-peer connection itself is made efficient by use of rate 
feedback and tailoring the transmission to the receiving station. When a commonly 
receivable portion of the PHY burst, such as the PCCH, is deployed, then, as illustrated 
in 2620, other STAs may access the information and may avoid interfering on the 
channel at times known to be occupied, as indicated in the PCCH. As with FIG. 25, 
either managed or ad hoc peer-peer communication may initiate data transfer prior to 
the steps illustrated in FIG. 26, and may be used to continue peer-peer communication 
subsequently. Thus, any combination of scheduled and ad hoc peer-peer 
communication may be deployed. 

[00206] FIG. 27 depicts example TDD MAC frame interval 2700, illustrating managed 

peer-peer communication between stations. In this example, both the F-TCH and the A- 
TCH durations have been set to zero. Beacon/BCH 510 and CCH 520 are transmitted 
as before. Beacon/BCH 560 indicates the start of the next fame. CCH 520 indicates 
allocations for peer-peer communications. In accordance with those allocations, STA 1 
transmits to STA 2 in allocated burst 2710. Note that, in the same TDD MAC frame 
interval, STA 2 is allocated segment 2730 for responding to STA 1. Any of the various 
components, detailed above, such as rate feedback, requests, steered and/or unsteered 
pilots, and steered and/or unsteered data may be included in any given peer-peer PHY 
layer burst. STA 3 transmits to STA 4 in allocation 2720. STA 4 transmits to STA 3 in 
allocation 2740, in similar fashion. Various other reverse link transmissions, including 
non peer-peer connections, may be included in the R-TCH. Additional example 
embodiments illustrating these and other aspects are detailed further below. 
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[00207] Note that, in FIG. 27, guard intervals may be scheduled between segments, as 

necessary. A key issue regarding peer-peer communications is that generally the path 
delay between the two STAs is unknown. One method of handling this is to make each 
STA keep its transmit times fixed so that they arrive at the AP in synch with the AP's 
clock. In this case, the AP may provide for guard time on either side of each peer-to- 
peer allocation to compensate for unknown path delays between the two communicating 
STAs. In many cases, a cyclic prefix will be adequate and no adjustments will need to 
be made at the STA receivers. The STAs must then determine their respective time 
offsets to know when to receive the other STA's transmission. The STA receivers may 
need to maintain two receive clocks: one for the AP frame timing and another for the 
peer-peer connection. 

[00208] As illustrated in various embodiments above, acknowledgments and channel 

feedback may be derived by a receiver during its allocation and fed back to a 
transmitter. Even if the overall traffic flow is one-way, the receiver sends reference and 
requests to obtain allocations. The AP scheduler ensures that adequate resources for 
feedback are provided. 

Interoperability with Legacy Stations and Access Points 

[00209] As detailed herein, various embodiments described provide improvements over 

legacy systems. Nonetheless, given the wide deployment of legacy systems already in 
existence, it may be desirable for a system to retain backward compatibility with either 
an existing legacy system and/or legacy user terminals. As used herein, the term "new 
class" will be used to differentiate from legacy systems. A new class system may 
incorporate one or more of the aspects or features detailed herein. An example new 
class system is the M1MO OFDM system described below with respect to FIGS. 35-52. 
Furthermore, the aspects detailed below for interoperating a new class system with a 
legacy system are also applicable to other systems, yet to be developed, whether or not 
any particular improvement detailed herein is included in such a system. 

[00210] In one example embodiment, backward compatibility with alternate systems 

may be provided by using separate Frequency Assignments (FA) to allow the operation 
of a new class system on a separate FA from legacy users. Thus, a new class system 
may search for an available FA on which to operate. A Dynamic Frequency Selection 
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(DFS) algorithm may be implemented in the new class WLAN to accommodate this. It 
may be desirable to deploy an AP to be multi-carrier. 

100211] Legacy STAs attempting to access a WLAN may employ two methods of 

scanning: passive and active. With passive scanning, a STA develops a list of viable 
Basic Service Sets (BSSs) in its vicinity by scanning the operating bands. With active 
scanning, a STA transmits a query to solicit a response from other STAs in the BSS. 

[00212] Legacy standards are silent as to how a STA decides which BSS to join, but, 

once a decision is made, association may be attempted. If unsuccessful, the STA will 
move through its BSS list until successful. A legacy STA may not attempt to associate 
with a new class WLAN when the beacon information transmitted would not be 
understood by that STA. However, a new class AP (as well as UTs) may ignore 
requests from legacy STAs as one method for maintaining a single WLAN class on a 
single FA. 

[00213] An alternate technique is for new class AP or new class STAs to reject any 

legacy STA's request using valid legacy (i.e., 802.11) messaging. If a legacy system 
supports such messaging, the legacy STA may be provided with a redirection message. 

[00214] An obvious tradeoff associated with operating on separate FAs is the additional 

spectrum required to support both classes of STAs. One benefit is ease of management 
of the different WLANs preserving features such as QoS and the like. As detailed 
throughout this specification, however, legacy CSMA MAC protocols (such as those 
detailed in the legacy 802.11 standards), are generally inefficient for high data rates 
supported for new class systems, such as the MIMO system embodiment detailed 
herein. Thus, it is desirable to deploy backward compatible modes of operation 
allowing a new class MAC to co-exist with a legacy MAC on the same FA. Described 
below are several example embodiments in which legacy and new class systems may 
share the same FA. 

[00215] FIG. 28 depicts method 2800 for supporting both legacy and new class stations 

on the same frequency assignment. In this example, for clarity, it is assumed that the 
BSS is operating in isolation (i.e., there is no coordination between multiple overlapping 
BSSs). The process starts at block 2810 where legacy signaling is used to establish a 
contention free period. 

[00216] Following are several illustrative examples, for use with legacy 802.1 1 systems, 

in which the new class WLAN AP may use the hooks built into the legacy 802.11 
standard to reserve time for exclusive use by new class stations. Any number of 
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additional signaling techniques, in addition to these, may be used for establishing a 
contention free period, for various types of legacy systems. 

[00217] One technique is to establish contention free periods (CFP) in PCF/HCF mode. 

The AP may establish a Beacon interval and announce a contention free period within 
the Beacon interval where it can serve both new class and legacy STAs in polled mode. 
This causes all legacy STAs to set their Network Allocation Vectors (NAVs), which are 
counters used to keep track of the CFP, to the duration of the announced CFP. As a 
result, legacy STAs that receive the beacon are prevented from using the chaxmel during 
the CFP, unless polled by the AP. 

[00218] Another technique is to establish a CFP 5 and setting NAV, via an RTS/CTS and 

duration/ID field. In this case, the new class AP may send out a special RTS which has 
a Reserved Address (RA) indicating to all new class STAs that the AP is reserving the 
channel. Legacy STAs interpret the RA field as being directed to a specific STA and do 
not respond. The new class STAs respond with a special CTS to clear out the BSS for 
the time period specified in the duration/ID field in the CTS/RTS message pair. At this 
point, the new class stations are free to use the channel for the reserved duration without 
conflict. 

[00219] In block 2820, legacy class STAs, having received the signal to establish the 

contention free period, wait until polled or the contention free period ends. Thus, the 
access point has successfully allocated the shared medium for use with the new class 
MAC protocol. In block 2830, new STAs may access according to this protocol. Any 
set or subset of the aspects detailed herein may be deployed in such a new class MAC 
protocol. For example, scheduled forward and reverse link transmissions as well as 
managed peer-peer transmissions, ad hoc or contention based communication (including 
peer-peer), or any combination of the above may be deployed. In block 2840, the new 
class access period is terminated, using any of a variety of signal types, which may vary 
according to the legacy system deployed. In the example embodiment, a contention free 
period end signal is transmitted. In an alternate embodiment, legacy STAs may also be 
polled during a contention free period. Such accesses may be subsequent to new class 
accesses, or maybe interspersed within them. 

[00220] In block 2850, all STAs may contend for access, if a contention period is defined 

for the legacy system. This allows legacy systems, not able to communicate during the 
contention free period, to make requests and/or attempt to transmit. In decision block 
2860, the process may continue by returning to block 2810, or may stop. 
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[00221] FIG. 29 illustrates the combination of legacy and new class media access 

control. A legacy MAC protocol 2910 is shown above a new class protocol 2930, 
which, when combined, form a MAC protocol such as combined MAC protocol 2950. 
In this example, 802.1 1 legacy signaling is used for illustration purposes. Those of skill 
in the art will realize the techniques disclosed herein may be applied to any of a variety 
of legacy systems, and any new class MAC protocol, including any combination of the 
features disclosed herein. 

[00222] Legacy MAC protocol 2910 comprises beacons 2902, which identify the Beacon 

interval. The legacy Beacon interval comprises contention free period 2904 followed 
by contention period 2906. Various contention free polls 2908A-N may be generated 
during the contention free period 2904. The contention free period 2904 is terminated 
by contention free period end 2910. Each beacon 2902 is transmitted at Target Beacon 
Transmission Time (TBTT) in 802.11 example embodiments. New class MAC protocol 
2930 comprises MAC frames 2932A-N. 

[00223] The combined Beacon interval 2950 illustrates the interoperability of legacy and 

new class MAC protocols during the contention free period 2904. New class TDD 
MAC frame intervals 2932 are included followed by legacy polls CF poll 2908A-N. 
The contention free period terminates with CFPEND 2910, followed by a contention 
period 2906. New class TDD MAC frame intervals 2932 may be any type optionally 
including various aspects detailed herein. In an example embodiment, new class TDD 
MAC frame interval 2932 comprises various segments such as those illustrated with 
respect to FIG. 20 above. Thus, a new class TDD MAC frame interval, in this example, 
comprises pilot 510, a control channel 520, a forward transmit channel 530, ad hoc 
peer-peer section (A-TCH) 2010, a reverse link transmit channel 540, and a random 
access channel 550. 

[00224] Note that, during the CFP 2904, legacy STAs should not interfere with any new 

class WLAN transmission. The AP may poll any legacy STA during the CFP, 
permitting mixed mode operation in the segment. In addition, the AP may reserve the 
entire CFP 2904 for new class usage and push all legacy traffic to the contention period 
(CP) 2906 near the end of the Beacon interval. 

[00225] The example 802.11 legacy standard requires the CP 2906 be long enough to 

support an exchange between two legacy terminals. Thus, the beacon may be delayed, 
resulting in time jitter in the system. If desired, to mitigate jitter, the CFP interval may 
be shortened to maintain a fixed beacon interval. Timers used to establish the CFP and 
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CP may be set such that the CFP is long (i.e., around 1.024 sec) relative to the CP (i.e., 
less than 10 msec). However, if, during the CFP, the AP polls legacy terminals, the 
duration of their transmission may be unknown and may cause additional time jitter. As 
a result, care must be taken to maintain QoS for new class STAs when accommodating 
legacy STAs on the same FA. The legacy 802.1 1 standard synchronizes to Time Units 
(TU) of 1.024 msec. The new class MAC may be designed to be synchronous with a 
legacy system, employing a MAC frame duration of 2 TUs or 2.048 msec, in this 
example. 

[002261 In some embodiments, it may be desirable to insure that the new class MAC 

frame be made synchronous. That is, the MAC frame clock for the system may be 
continuous and that MAC frame boundaries, when transmitted, start on multiples of the 
2.048 msec frame interval. In this way, sleep mode for STAs may be easily maintained. 

[00227] New class transmissions do not need to be compatible with legacy transmissions. 

The headers, preambles, etc., may all be unique to the new class system, examples of 
which are detailed throughout this specification. Legacy STAs may attempt to 
demodulate these, but will fail to decode properly. Legacy STAs in sleep mode will 
generally not be affected. 

[00228] FIG. 30 depicts method 3000 for earning a transmit opportunity. Method 3000 

may be deployed as block 2830 in an example embodiment of method 2800, illustrated 
above. The process begins with decision block 3010, in which an access may be 
scheduled or unscheduled. Those of skill in the art will recognize that, while this 
example illustrates two types of access, in any given embodiment either one or "both of 
these access types may be supported. In decision block 3010, if unscheduled access is 
desired, proceed to block 3040 to contend for access. Any number of the contention 
based access techniques may be deployed. Once a transmission opportunity (TXOP) 
has been earned, transmit according to the transmit opportunity in block 3050. Then the 
process may stop. 

[00229] In block 3010, if scheduled access is desired, proceed to block 3020 to request 

access. This access request may be made on a random access channel, during ad hoc 
contention, or any of the other techniques disclosed herein. In block 3030, wlxen the 
access request is granted, an allocation will be received. Proceed to block 3O50 to 
transmit the TXOP according to the received allocation. 

[00230] In some instances, it may be desirable to accommodate interoperation between a 

new class AP, and its associated BSS, with an overlapping legacy BSS, in the same 
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frequency allocation. The legacy BSS may be operating in DCF or PCF/HCF mode, 
and so synchronization between the new class BSS and legacy BSS may not always be 
achievable. 

[00231] If the legacy BSS is operating in PCF or HCF mode, the new class AP may 

attempt to synchronize to the TBTT. If this is possible, the new class AP may seize the 
channel during the contention period, using any of various mechanisms, examples of 
which are described above, to operate within the overlapped BSS area. If the legacy 
BSS is operating under DCF, the new class AP may also attempt to seize the channel 
and announce a CFP to clear the channel. 

[00232] There may be situations where some or all of the STAs in the legacy BSS do not 

receive the new class AP transmissions. In this case, those legacy STAs may interfere 
with operation of the new class WLAN. To avoid this interference, the new class 
stations may default to CSMA-based operation and rely on peer-peer transmissions (this 
is detailed further below with respect to FIGS. 33-34). 

[00233] FIG. 31 depicts example method 3100 for sharing a single FA with multiple 

BSSs. In block 3110, a legacy access point transmits a beacon. A new class access 
point, sharing the same frequency assignment, may synch to the TBTT associated with 
the beacon (optional). In block 3120, if a legacy contention free period has been 
prescribed according to the beacon, it is carried out. Once the contention free period, if 
any, is complete, then all STAs may contend for access during a prescribed contention 
period. In block 3130, the new class access point contends for access during the 
contention period. In block 3140, new class STAs may access the shared medium 
during the period for which the new class access point has contended for access. The 
types of access during this new class access may include any of the aspects detailed 
herein. A variety of techniques may be used, such as those detailed above, to indicate to 
legacy STAs the amount of time for which the access point is reserving the channel. 
Once this period has completed, then legacy STAs may contend in block 3150. In 
decision block 3 160 the process may continue by returning to block 3 1 10 or may stop. 

[00234] FIG. 32 illustrates overlapping BSSs using a single FA. Legacy system 3210 

transmits beacons 3205 (3205A and 3205B are shown illustrating the TBTT and the 
overall Beacon interval of the legacy system). Beacon 3205A identifies contention free 
period 3210 and contention period 3215. During contention free period 3210, legacy 
contention free polls 3220A-N may be carried out followed by the indicator of the end 
of the contention free period 3225. 
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[00235] Stations in new class WLAN 3240 monitor the channel, receive beacon 3205, 

and refrain from accessing media until an opportunity to contend for access arrives. In 
this example, the earliest opportunity is during the contention free period. After PEFS 
323 0, the new class access point transmits a legacy signal 3245 to indicate to legacy 
stations the amount of time that the channel will be occupied. A variety of symbols 
may be used to perform this function, examples of which have been detailed above. 
Various other signals may be deployed depending on the legacy system with which 
interoperability is desired. Legacy STAs within reception range of legacy signal 3245 
may avoid accessing a channel until the end of new class access period 3250. Period 
3250 comprises one or more TDD MAC frame intervals 3260 (3260A-N, in this 
example). TDD MAC frame intervals 3260 may be any type, examples of which 
comprise one or more of the aspects detailed herein. 
[00236] In an example embodiment, the new class AP seizes the channel at timed 

intervals (i.e., every 40 msec the new class AP seizes the channel for 20 msec). The 
new class AP may maintain a timer to insure it is only holding the channel for a desired 
duration, thereby guaranteeing fair sharing of the channel. In seizing the channel, the 
new class AP may use various signaling techniques. For example, CTS/RTS or a legacy 
beacon announcing a new CFP may be transmitted. 
[00237] During the new class interval 3250, an example first TDD MAC frame interval 

may be defined as follows: First, send a beacon plus F-CCH indicating the UTs on the 
list to be polled in the current MAC frame. After the F-CCH, broadcast a stretch of 
MIMO pilot to allow the STAs to acquire and form an accurate measure of the MIMO 
channel. In an example embodiment, excellent performance may be achieved with 2 
short OFDM symbols per antenna. This implies that the F-TCH in the initial MAC 
frame may be composed of roughly 8 MIMO pilot symbols. The R-TCH portion of the 
first MAC frame may be structured such that STAs on the poll list transmit steered 
MIMO pilot and a rate indicator (for the downlink) with acknowledgement back to the 
AP. At this point, in this example, all terminals on the poll list are ready to operate in a 
normal scheduled manner in the next TDD MAC frame interval. The TDD MAC frame 
intervals following the first TDD MAC frame interval may then be used to exchange 
data, coordinated by the AP, using any of the techniques disclosed herein. 
[00238] As mentioned above, new class stations may default to CSMA-based operation 

and rely on peer-peer transmissions in certain situations (for example, situations when 
some or all of the STAs in the legacy BSS do not receive the new class AP 
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transmissions). In such cases, the On/Off cycling described above might not be 
advantageous, or even possible, hi these cases, new class stations may default to peer- 
peer operation. 

[00239] FIG. 33 depicts example method 3300 for performing high-speed peer-peer 

communication, using various techniques disclosed herein, while interoperating with a 
legacy BSS. The process begins in block 3310, where a first STA having data to send 
to a second STA contends for access. In block 3320, having contended for access 
successfully, the station clears the medium using a legacy signal, such as those 
described above. In block 3330, the first STA transmits a request (along with a pilot) to 
a second STA. The second STA is able to measure the channel according to the pilot 
transmitted. The second STA transmits channel feedback to the first STA. Thus, in 
block 3340 the first station receives a response with channel feedback (rate feedback, 
for example). In block 3350 the first STA transmits the pilot and steered data to the 
second station according to the feedback. In block 3360 the second STA may transmit 
to the first STA acknowledgement, and may transmit continued rate feedback for use in 
further transmission. The legacy signal used to clear the medium allows blocks 3330 to 
3360 to be carried out using any of the high-speed techniques and improvements to 
legacy systems such as those disclosed herein. Once a STA has cleared the medium, 
any peer-peer MAC protocol may be deployed within the scope of the present invention 
period. The process may continue as depicted in decision block 3370 by returning to 
block 33 1 0, or the process may stop. 
[00240] In an example embodiment, with peer-peer mode, seizing the channel works 

according to the legacy rules for CSMA. hi this example, PCF and HCF are not 
employed, and there may not necessarily be a centralized network architecture. When a 
new class STA wishes to communicate with another new class STA (or AP), the STA 
seizes the channel. The first transmission consists of sufficient MIMO pilot plus some 
message requesting a connection to be established. CTS and RTS may be employed to 
clear out the area and reserve time. The requesting STAs message must contain the 
STAs BSS ID, the STAs MAC ID, and the target STAs MAC ID (if known). The 
response should contain the BSS ED of the responding STA. This allows the STAs to 
determine whether they need to perform receiver correction of transmit steering vectors, 
if steering is used. Note that transmit steering does not have to be used in this case, 
although it may be advantageous to do so if the STAs have all calibrated with a 
designated AP coordinating the BSS. 
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[00241] As described with respect to FIG. 33, a response may contain MMO pilot 

(steered, if employed) plus some indication of rate. Once this exchange has occurred^ 
steering is possible on each link. However, if the STAs belong to different BSSs, the 
first steered transmission between the STA that initiated the connection may contain 
steered MIMO pilot to allow the responding STA's receiver to correct for the phase 
differential between the different BSSs. 

[00242] In this example embodiment, once the initial exchanges have occurred, steering 

is possible. The exchanges should adhere to the SIFS interval between downlink and 
uplink transmissions. Because of potential processing delays in computing eigenvectors 
for steering, this may require that the STAs use Minimum Mean Squared Error (MMSE) 
processing instead of eigenvector processing. Once the steering vectors are computed, 
STAs may start to use the eigenvectors on the transmit side and the receive side may 
continue to employ MMSE processing, adapting toward the optimal spatial matched 
filter solution. Tracking and rate control may be facilitated by periodic feedback 
between the two STAs. The SIFS interval may be adhered to in order for the STAs to 
maintain control over the channel. 

[00243] FIG. 34 illustrates peer-peer communication using MIMO techniques by 

contending for access (i.e. unmanaged) on a legacy BSS. In this example, initiating 
station 106 A contends for access on the channel. When it has successfully seized the 
channel, MIMO pilot 3405 is transmitted, followed by request 3410. The message may 
contain the BSS ID, the initiating STA's MAC ID and a target STA's MAC ID, if 
known. Other signaling may be used to further clear the channel, such as CTS and RTS. 
The responding STA 106B transmits steered pilot 3420 followed by acknowledgement 
and rate feedback 3425. Steered pilot 3420 is transmitted SIFS 3415 following request 
3410. In the example embodiment, in which the legacy access point is an 802.1 1 access 
point, recall that SIFS is the highest priority and, thus, the responding station 106B will 
retain control of the channel. The various transmissions detailed in FIG. 34 may be 
transmitted SIFS apart from each other to maintain control of the channel until the peer- 
peer communication is complete. 

[00244] In an example embodiment, a maximum duration for channel occupation may be 

determined. Steered pilot 3430, subsequent to rate feedback 3425, and data 3435 are 
transmitted from the initiating STA 106A to the responding STA 106B in accordance 
with that rate feedback. Following data 3435, the responding STA 106B transmits 
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steered pilot 3440 and acknowledgement and rate control 3445. In response, initiating 
station 106A transmits steered pilot 3450 followed by data 3455. 

[00245] The process may continue indefinitely or up to the maximum time allowed for 

channel access, depending on the deployment period. Not shown in FIG. 34, the 
responding STA may also transmit data and the initiating station may transmit rate 
control as well. These data segments may be combined with those shown at FIG. 34 to 
maximize efficiency (i.e., SIFS need not be interjected between these transmissions). 

[00246] When two or more BSSs overlap, it may desirable to deploy mechanisms that 

allow the channel to be shared in a coordinated manner. Several example mechanisms 
are outlined below, along with example operating procedures associated with each. 
These mechanisms may be deployed in combination. 

[00247] A first example mechanism is Dynamic Frequency Selection (DFS). Before 

establishing a BSS, WLANs may be required to search the wireless medium to 

i 

determine the best Frequency Allocation (FA) to establish operations for the BSS. In 
the process of searching the candidate FA's, an AP may also create a neighbor list to 
facilitate redirection and inter-AP handoff. In addition, the WLAN may synchronize 
MAC frame timing with neighbor BSSs (described further below). DFS may be used to 
distribute BSSs to minimize the need for inter-BSS synchronization. 

[00248] A second example mechanism is inter-BSS Synchronization. During a DFS 

procedure, an AP may acquire the timing of the neighbor BSSs. In general, it may be 
desirable to synchronize all BSSs (on a single FA in one embodiment, or across 
multiple FAs in an alternate embodiment) to facilitate inter-BSS handoff. However, 
with this mechanism, at least those BSSs operating on the same FA in close proximity 
to each other synchronize their MAC frames. In addition, if co-channel BSSs are 
overlapping (i.e. the APs can hear each other), the newly arriving AP may alert the 
established AP of its presence and institute a resource sharing protocol, as follows. 

[00249] A third example mechanism is a resource sharing protocol. Overlapping BSSs 

on the same FA may equitably share the channel. This may be done by alternating 
MAC frames between BSSs in some defined fashion. This allows traffic in each BSS to 
use the channel without risking interference from neighbor BSSs. The sharing may be 
done between all overlapping BSSs. For example, with 2 overlapping BSSs, one AP 
uses even numbered MAC frames and the other AP uses odd numbered MAC frames. 
With 3 overlapping BSSs, the sharing may be performed modulo-3, etc. Alternate 
embodiments may deploy any type of sharing scheme. Control fields in the BCH 
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overhead message may indicate if resource sharing is enabled and the type of sharing 
cycles. In this example, timing for all STAs in the BSS adjust to the appropriate sharing 
cycle. In this example, latency will be increased with overlapping BSSs. 

[00250] A fourth example mechanism is STA assisted re-synchronization. It is possible 

that two BSSs do not hear each other, but a new STA in the overlapped area can hear 
both. The STA can determine the timing of both BSSs and report this to both. In 
addition, the STA can determine the time offset and indicate which AP should slip its 
frame timing and by how much. This information has to be propagated to all BSSs 
connected to the AP and they all have to re-establish frame timing to achieve 
synchronization. Frame ^synchronization can be announced in the BCH. The 
algorithm can be generalized to handle more unaware overlapping BSSs. 

[00251] Example procedures are detailed below, which may be deployed in one or more 

of the mechanisms just described. 

[00252] Synchronization may be performed by AP's on power-up, or at other designated 

times. System timing may be determined by searching all FA's for nearby systems. To 
facilitate synchronization, a set of orthogonal codes may be used to aid in discriminating 
different APs. For example, APs have known beacons repeated every MAC frame. 
These beacons may be covered with Walsh sequences (e.g. of length 16). Thus a 
device, such as an AP or STA, may perform Pilot Strength Measurements (PSMs) of the 
local APs to determine the overlapping BSSs. Detailed further below, active STAs, 
associated with an AP, may transmit echoes to assist in synchronization. The echoes 
may use timing and covering corresponding to the AP cover. Thus, when BSSs overlap, 
but the respective APs for those BSSs may not be able to detect signals from each other, 
a STA echo may be receivable by a neighbor AP, thus providing information about its 
AP, and a signal with which the neighbor AP may synchronize. Note that orthogonal 
cover codes may be reused on different FAs. 

[00253] Selection of a Walsh cover may be done deterministically based on the set of 

undetected Walsh covers (i.e., select a Walsh cover that is not detected on a neighboring 
AP). If all covers are present, the code corresponding to the weakest Received Signal 
Level (RSL) may be re-used by the new AP. Otherwise, in one embodiment, the code 
may be selected that maximizes the operating point for the AP (see structured power 
backoff for adaptive reuse, detailed below). 

[00254] In this example, frame counters transmitted by each AP are staggered relative to 

each other. The stagger employed corresponds to the Walsh cover index. Thus, AP0 
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uses Walsh code 0. AP/ uses Walsh cover j, and has its frame counter equal to 0 
whenever the AP0 frame counter = j. 

[00255] On power-up, or at any time synchronization is to be performed, an AP listens 

for neighbor AP beacons and/or STA echoes. Upon no detection of neighbor systems, 
the AP establishes its own time reference. This can be arbitrary, or related to GPS, or 
any other local time reference. Upon detection of a single system, the local timing is 
established accordingly. If the AP detects two or more systems operating with different 
time lines, the AP may synchronize with system having the strongest signal. If the 
systems are operating on the same frequency assignment (FA), the AP may attempt to 
associate with the weaker AP to inform it of the other nearby AP operating on an 
independent clock. The new AP attempts to inform the weaker AP of the timing skew 
required to synchronize both AP zones. The weaker zone AP may then skew its timing. 
This may be repeated for multiple neighbor APs. The new AP can establish its timing 
with the synchronized timing of the two or more systems. In a situation where all 
neighbor APs are unable, for whatever reason, to synchronize to a single timing, the 
new AP may synchronize to any of the neighboring APs. 

[00256] Dynamic frequency selection may be performed by AP's on power-up. As 

stated above, it is typically desirable to minimize BSS overlap with DFS selection, to 
minimize the number of BSSs requiring synchronization, and any delay or throughput 
reduction that may be associated with synchronization (i.e., a BSS with access to the 
entire medium on an FA may be more efficient than a BSS which must share the 
medium with one or more neighboring BSSs). After synchronization, the new AP may 
select the FA that has the minimum RSL associated with it (i.e. when measuring 
neighbor APs, or during the echo period). Periodically, the AP may query the STAs for 
AP pilot measurements. Similarly, the AP may schedule silent periods to enable 
assessment of the interference levels at the AP caused by STAs from other zones (i.e. 
neighboring BSSs). If the RSL levels are excessive, the AP may attempt to find another 
FA during unscheduled periods, and/or institute a power backoff policy, as described 
below. 

[00257] As described above, APs may be organized according to a pilot cover code. 

Each AP may use a Walsh sequence cover of length 16, in this example. Any number 
of codes of various lengths may be deployed. The pilot cover is used to modulate the 
sign of the beacon over a super-frame period. In this example, the super-frame period is 
equivalent to 32 ms (i.e. 16 consecutive MAC frame beacons). STAs may then 
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coherently integrate over the superframe interval to determine the pilot power 
associated with a given AP. As above, an AP may select its Walsh code from the pool 
of undetected Walsh codes available. If all codes are detected (on the same FA), then 
the AP may rank these in order of strongest to weakest. The AP may re-use the Walsh 
code that corresponds to the weakest detected Walsh code. 

[00258] To facilitate identification of neighbor APs, STAs may be used to transmit an 

echo to identify their respective AP. Thus, as described above, an AP that doesn't 
detect a neighbor AP may detect a corresponding STA echo, thus identifying the AP 
and its timing. Each AP may transmit configuration information in its beacon, and each 
STA may operate as a repeater to retransmit the AP configuration information, as well 
as timing, to any receiving neighbor AP. 

[00259] Active STAs may be required to transmit, upon command from the AP, a 

predefined pattern that allows nearby APs operating on the same FA to detect the 
presence of the neighbor system. A simple way to facilitate this is to define an 
observation interval in the MAC frame (e.g. between the FCH and RCH segments) that 
is not used by the AP for any traffic. The duration of the observation interval may be 
defined to be long enough to handle the maximum differential propagation delay 
between STAs associated with the AP and STAs associated with a neighbor AP (e.g. 
160 chips or 2 OFDM symbols). For example, STAs associated with the AP using 
Walsh cover code j may transmit the echo whenever its Mac frame counter = 0. The 
echo is coded with information necessary to allow neighbor APs to detect the presence 
and efficiently co-exist with STAs in the adjacent AP zone. 

[00260] Structured power backoff for adaptive reuse may be deployed. When a system 

becomes congested to the point where each FA must be reused in the vicinity of another 
AP, it may be desirable to impose a structured power backoff scheme to allow terminals 
in both zones to operate at maximum efficiency. When congestion is detected, power 
control can be used to improve the system's efficiency. That is, instead of transmitting 
at full power all of the time, the APs may use a structured power back-off scheme that is 
synchronized with their MAC frame counter. 

[00261] As an example, suppose that two APs are operating on the same FA. Once the 

APs detect this condition, they may institute a known power backoff policy. For 
example, both APs use a backoff scheme that permits full power, Ptot, on MAC frame 
0, Ptot(15/16) on MAC frame 1, ... Ptot/16 on MAC frame 15. Since the APs are 
synchronized, and their frame counters staggered, neither AP zone is using full power 
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simultaneously. The objective is to select the backoff pattern that allows STAs in each 
AP zone to operate at the highest possible throughput. 

100262] The backoff pattern used by a given AP may be a function of the degree of 

interference detected. In this example, up to 16 known backoff patterns maybe used by 
a given AP. The backoff pattern used may be conveyed by the APs in the BCH and in 
the echoes transmitted by STAs associated with an AP. 

[00263] An example backoff scheme is detailed in U.S. Patent No. 6,493,331, entitled 

"Method and apparatus for controlling transmissions of a communications systems," by 
Walton et. al, assigned to the assignee of the present invention. 

[00264] Another example embodiment of a technique for interoperability with legacy 

systems is depicted in FIG. 53. An example MAC frame 1500 is shown, as detailed 
above with respect to FIG. 15. A slotted mode is introduced in which slot intervals 
5310 are defined. A slot interval 5310 comprises a MIMO pilot interval 5315 and slot 
gap 5320. Pilots 5315 are inserted, as shown, to reserve the channel from interference 
by other stations (including APs) that operate according to rules, such as EDCA. 
Modified MAC frame 5330 comprises substantially the MAC frame 1500 with pilots 
5315 inserted to retain control of the medium. FIG. 53 is illustrative only, as will be 
evident to one of skill in the art. A slotted mode may be incorporated with any type of 
MAC frame, various examples of which are detailed herein. 

[00265] In this example, for purposes of illustration, assume a legacy 802.11 system that 

uses MAC frames that are multiples of 1.204 ms. The MAC frame may be set to be 
2.048 ms to be synchronous. At the Target Beacon Transmit Time (TBTT), an 
announce CFP duration to get STAs to set their NAV's. During the CFP, STAs in the 
BSS should not transmit unless polled. Optionally, as described previously, an AP may 
send out an RTS and have STAs echo an identical CTS to clear out the BSS further. 
This CTS may be a synchronized transmission from all the STAs. In this example, jitter 
may be eliminated by insuring MAC frames always start on 2.048 ms boundaries. This 
maintains time synch between adjacent/overlapping BSSs even with foreshortened 
TBTTs. Various other techniques, such as those described above, may be combined 
with the technique described below. Once the medium is reserved for modified MAC 
frame 5330, using any available technique, slotted mode may be deployed to maintiain 
possession of the medium, to prevent a legacy STA from interfering with the scheduled 
transmissions, thus potentially reducing throughput gains of a new class system (i.e. one 
using a scheme such as shown in FIG. 15 or FIG. 53, or various others detailed herein). 
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[00266] In this example, the new class AP is subject to CSMA rules to seize the channel. 

Prior to this however, it should attempt to determine the presence of another BSS, either 
by listening for the beacon, or other STAs. Synchronization is not required, however, to 
permit fair resource sharing. 

[00267] Once the neighbor(s) BSS(s) has been detected, the new class AP can seize the 

channel by transmitting its beacon. To lock out other users, the new class AP transmits 
pilot with a frequency that prevents other STAs to use the channel (i.e. no idle periods 
any longer than PIFS = 25 usee). 

[00268] The new class AP may set a timer that allows it to occupy the channel for a fixed 

duration determined to be fair. This may be roughly synchronized with the legacy AP's 
beacon period or asynchronous (i.e. 100 msec every 200 msec). 

[00269] The new class AP may seize the channel at any point during its permitted 

interval, which can be delayed by legacy BSS users. The new class AP may relinquish 
the channel before its time has expired if there is no traffic to serve. When the new 
class AP seizes the channel, it have its use limited for an equitable period of time. 
Furthermore, the timing established by the new class AP may be consistent with the 
MAC frame timing established. That is, new class beacons occur on 2.048 msec 
boundaries of the new class AP clock. This way, new class STAs may maintain 
synchronization by looking at these specific intervals to determine if the HT AP has 
seized the channel. 

[00270] The new class AP may announce its frame parameters in a beacon. Part of the 

frame parameters may include the pilot interval spacing indicating the frequency of pilot 
transmission throughout the MAC frame. Note that the new class AP may schedule 
STAs such that their transmission overlaps the periodic burst pilot. In this case, the 
STA whose assignment overlaps knows this and ignores the pilot during that period. 
Other STAs do not know this and therefore use a threshold detector to validate whether 
the pilot was transmitted during the prescribed interval. 

[00271] It is possible that a STA may transmit a pilot at the instant the AP is supposed to 

transmit, or that the AP is transmitting steered pilot to a STA during this interval. To 
prevent other STAs from using this pilot, thus corrupting their channel estimates, the 
AP pilot may use Walsh covers that are orthogonal to common pilot Walsh covers. A 
structure for assigning Walsh covers may be deployed. For example, when STAs and 
APs use different Walsh covers, the Walsh space may include 2N covers, with N covers 
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reserved for APs, and the remainder for STAs associated with a given AP using a cover 
that is coupled in a known manner with the respective AP's Walsh cover. 

[00272] When the new class AP transmits an assignment to a STA, it is expecting the 

STA to transmit to it during the prescribed interval. It is possible the STA fails to 
receive the assignment, in which case the channel could go unused for an interval longer 
than PEFS. To prevent this from occurring, the AP may sense the channel for t < SIFS 
and determine if it is occupied. If not, the AP may immediately seize the channel by 
transmitting pilot, phased accordingly. 

[00273] New class channel assignments may be slotted to intervals of SIFS (16 usee). 

This way channel occupancy can be guaranteed to keep off legacy users during the 
period of new class exclusive usage. 

[00274] The RCH must be designed to accommodate interoperability since the duration 

of the RCH could exceed 16 usee. If the RCH cannot be easily accommodated in a 
given embodiment, the RCH may be allocated to work in the legacy modes when the 
new class MAC does not have control of the channel (i.e. coexist in legacy mode). The 
F-RCH maybe accommodated by permitting STAs to transmit access requests anytime 
following a pilot transmission (i.e. wait 4 usee and transmit for 8 usee), as illustrated in 
FIG. 53. 

Example Embodiment: Enhanced 802.11 MIMO WLAN 

[00275] Detailed below is an example embodiment illustrating various aspects 

introduced above, as well as additional aspects. In this example, an enhanced 802.11 
WLAN using MIMO is illustrated. Various MAC enhancements are detailed, as well as 
corresponding data and messaging structures for use at the MAC layer and physical 
layer. Those of skill in the art will recognize that only an illustrative subset of features 
of a WLAN are disclosed, and will readily adapt the teaching herein to 802.11 legacy 
system interoperability, as well as interoperability with various other systems. 

[00276] The example embodiment, detailed below, features interoperability with legacy 

802.11a, 802.11g STAs as well as with the 802.11e draft and anticipated final standard. 
The example embodiment comprises a MIMO OFDM AP, so named to distinguish from 
legacy APs. Due to backward compatibility, as detailed below, legacy STAs are able to 
associate with a MIMO OFDM AP. However, the MIMO OFDM AP may explicitly 
reject an association request from a legacy STA, if desired. DFS procedures may direct 



WO 2005/039105 PCT/US2004/034259 

57 

the rejected STA to another AP that supports legacy operation (which may be a legacy 
AP or another MIMO OFDM AP). 
[00277] MIMO OFDM STAs are able to associate with an 802.11a or 802.11g BSS or 

Independent BSS (IBSS) where no AP is present. Thus, for such operation, such a STA 
will implement all the mandatory features of 802. 1 1 a, 802. 1 1 g as well as the anticipated 
final draft of 802. lie. 

[00278] When legacy and MIMO OFDM STAs share the same RF channel, either in a 

BSS or an IBSS, various features are supported: The proposed MIMO OFDM PHY 
spectral mask is compatible with the existing 802.11a, 802.1 lg spectral mask so that no 
additional adjacent channel interference is introduced to legacy STAs. The extended 
SIGNAL field in the PLCP Header (detailed below) is backward compatible with the 
SIGNAL field of legacy 802.11. Unused RATE values in the legacy SIGNAL field are 
set to define new PPDU types (detailed below). The Adaptive Coordination Function 
(ACF) (detailed below) permits arbitrary sharing of the medium between legacy and 
MIMO OFDM STAs. Periods of 802.1 le EDCA, 802.1 le CAP and the SCAP 
(introduced below) may be arbitrarily interspersed in any Beacon interval, as 
determined by the AP scheduler. 

[00279] As described above, a high performance MAC is required to effectively leverage 

the high data rates enabled by the MIMO WLAN physical layer. Various attributes of 
this example MAC embodiment are detailed below. Following are several example 
attributes: 

[00280] Adaptation of the PHY rates and transmission modes effectively exploit the 

capacity of the MIMO channel. 

[00281] Low latency service of the PHY provides low end-to-end delays to address the 

requirements of high throughput (e.g. multimedia) applications. Low latency operation 
may be achieved with contention-based MAC techniques at low loads, or using 
centralized or distributed scheduling in heavily loaded systems. Low latency provides 
many benefits. For example, low latency permits fast rate adaptation to maximize the 
physical layer data rate. Low latency permits inexpensive MAC implementation with 
small buffers, without stalling ARQ. Low latency also minimizes end-to-end delay for 
multimedia and high throughput applications. 

[00282] Another attribute is high MAC efficiency and low contention overhead. In 

contention based MACs, at high data rates, the time occupied by useful transmissions 
shrinks while an increasing fraction of the time is wasted in overhead, collisions and 
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idle periods. Wasted time on the medium may be reduced through scheduling, as well 
as through aggregation of multiple higher layer packets (e.g. IP datagrams) into a single 
MAC frame. Aggregated frames may also be formed to minimize preamble and 
training overhead. 

[00283] The high data rates enabled by the PHY permit simplified QoS handling. 

[00284] The example MAC enhancements, detailed below, are designed to address the 

above performance criteria in a manner that is backward compatible with 802.1 lg and 
802.11a. In addition, support for and improvement to features that are included in the 
draft standard 802. lie, described above, including features such as TXOP and Direct 
Link Protocol (DLP), as well as the optional Block Ack mechanism. 

[00285] In describing the example embodiments below, new terminology is used for 

some concepts introduced above. A mapping for the new terminology is detailed in 
Table 1. 



Table 1. Terminology Mapping 



Earlier Terminology 

Terms used in prior paragraphs 


Mapping to New Terminology 

Terms used in subsequent paragraphs 


MUXPDU orMPDU 


MAC Frame 


Partial MPDU 


MAC Frame Fragment 


MAC PDU 


PPDU 


Broadcast channel message (BCH) and 
Control channel message (CCH) 


SCHED message 


Control channel message subchannels 


CTRLJ segments of the SCHED message 


TDD MAC frame interval 


Scheduled Access Period (SCAP) 


F-TCH (Forward Traffic Channel) 


Scheduled AP-STA transmissions 


R-TCH (Reverse Traffic Channel) 


Scheduled STA-AP or STA-STA 
transmissions 


A-TCH (Ad-hoc peer-to-peer Traffic 
Channel) 


Protected EDCA or MIMO OFDM EDCA 


PCCH (Peer-to-Peer Control Channel) 


PLCP Header SIGNAL field 


RCH 


FRACH 
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[00286] In this example embodiment, flexible frame aggregation is facilitated. FIG. 35 

depicts encapsulation of one or more MAC frames (or fragments) within an aggregated 
frame. Frame aggregation permits the encapsulation of one or more MAC frames (or 
fragments) 3510 within an aggregated frame 3520, which may incorporate header 
compression, detailed below. Aggregated MAC frame 3520 forms PSDU 3530, which 
may be transmitted as a single PPDU. The aggregated frame 3520 may contain 
encapsulated frames (or fragments) 3510 of type data, management or control. When 
privacy is enabled, the frame payload may be encrypted. The MAC frame header of an 
encrypted frame is transmitted "in the clear." 

[00287] This MAC-level frame aggregation, as just described, permits transmission of 

frames with zero IFS or BEFS (Burst ftiterframe Spacing, detailed further below) to the 
same receiving STA. In certain applications, it is desirable to permit the AP to transmit 
frames with zero IFS, or aggregated frames, to multiple receiving STAs. This is 
permitted through the use of the SCHED frame, discussed below. The SCHED frame 
defines the start time of multiple TXOPs. Preambles and IFS may be eliminated when 
the AP makes back-to-back transmissions to multiple receiving STAs. This is referred 
to as PPDU aggregation to distinguish from MAC-level frame aggregation. 

[00288] An example aggregated MAC frame transmission (i.e. a PPDU) starts with a 

preamble followed by the MIMO OFDM PLCP HEADER (including a SIGNAL field, 
which may comprise two fields, SIGNAL 1 and SIGNAL2), followed by MIMO OFDM 
training symbols (if any). Example PPDU formats are detailed further below with 
respect to FIGS. 49-52. The aggregated MAC frame flexibly aggregates one or more 
encapsulated frames or fragments that are to be transmitted to the same receiving STA. 
(The SCHED message, detailed below, permits aggregation of TXOPs from the AP to 
multiple receiving STAs.) There is no restriction on the number of frames and 
fragments that may be aggregated. There may be a limit to the maximum size of an 
aggregated frame that is established through negotiation. Typically, the first and last 
frames in the aggregated frame may be fragments that are created for efficient packing. 
When several encapsulated data frames are included within an aggregated frame, the 
MAC headers of the data and QoS data frames maybe compressed, as detailed below. 

[00289] The transmitting MAC may attempt to minimize PHY and PLCP overheads and 

idle periods through the use of flexible frame aggregation. This may be accomplished 
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by aggregating frames to eliminate inter-frame spacing and PLCP headers, as well as 
flexible frame fragmentation, to fully occupy the available space in a TXOP. In one 
example technique, the MAC first computes the number of octets to be provided to the 
PHY based on the current data rate and the duration of the assigned or contention-based 
TXOP. Complete and fragmented MAC frames may then be packed to occupy the 
entire TXOP. 

[00290] If a complete frame cannot be accommodated in the remaining space in a TXOP, 

the MAC may fragment the next frame to occupy as much as possible of the remaining 
octets in the TXOP. Frames may be fragmented arbitrarily for efficient packing. In an 
example embodiment, this arbitrary fragmentation is subject to the restriction of a 
maximum of 16 fragments per frame. In alternate embodiments, this limitation may not 
be required. Remaining fragment(s) of the MAC frame may be transmitted in a 
subsequent TXOP. In the subsequent TXOP, the MAC may give higher priority to 
fragments of an incompletely transmitted frame, if desired. 

[00291] An Aggregation Header (2 octets, in this example), described further below, is 

inserted in the MAC Header of each encapsulated frame (or fragment) that is inserted in 
the aggregated frame. A Length field in the Aggregation Header indicates the length (in 
octets) of the encapsulated MAC frame, and is used by the receiver to extract frames 
(and fragments) from the aggregated frame. The PPDU Size field in the proposed 
SIGNAL field provides the size of the MIMO OFDM PPDU transmission (number of 
OFDM symbols) while the length of each encapsulated MAC frame (in octets) is 
indicated by the Aggregation Header. 

Header Compression of Encapsulated Frames 

[00292] FIG. 36 depicts a legacy MAC frame 3600, comprising MAC Header 3660, 

followed by a frame body 3650 (which may include a variable number of octets, N) and 
a Frame Check Symbol (FCS) 3655 (4 octets, in this example). This prior art MAC 
frame format is detailed in 802.1 le. MAC Header 3660 comprises a frame control field 
3610 (2 octets), a duration/ID field 3615 (2 octets), a sequence control field 3635 (2 
octets), and a QoS control field 3645 (2 octets). In addition, four address fields, 
Address 1 3620, Address 2 3625, Address 3, 3630, and Address 4 3640 (6 octets each), 
are included. These addresses may also be referred to as TA, RA, SA, and DA, 
respectively. The TA is the transmitting station address. The RA is the receiving 
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station address. The SA is the source station address. The DA is the destination station 
address. 

[00293] When several encapsulated data frames are included within an aggregated frame, 

the MAC headers of the data and QoS data frames may be compressed. Example 
compressed MAC headers for QoS data frames are shown in FIGS. 37-39. Note that the 
FCS is computed on the compressed MAC header and the (encrypted or unencrypted) 
payload. 

[00294] As shown in FIG. 37-39, when frames are transmitted using a MIMO Data 

PPDU (Type 0000), an aggregation header field is introduced into the MAC Header 
3660 of the MAC frame 3600 to create an encapsulated MAC frame, i.e. 3705, 3805, or 
3905, respectively. The MAC Header, including the Aggregation Header field, is called 
the Extended MAC Header (i.e. 3700, 3800, or 3900). One or more encapsulated 
management, control and/or data frames (including QoS data) may be aggregated into 
an aggregated MAC frame. When data privacy is in use, the payload of the data or QoS 
data frames may be encrypted. 

[00295] The Aggregation Header 3710 is inserted for each frame (or fragment) inserted 

in the aggregated frame (3705, 3805, or 3905, respectively). Header compression is 
indicated by the Aggregation Header type field, detailed below. Frame headers of data 
and QoS data frames may be compressed to eliminate redundant fields. Aggregated 
frame 3705, depicted in FIG. 37, illustrates an uncompressed frame, which includes all 
four addresses and the Duration/ID field. 

[00296] After an uncompressed aggregated frame is transmitted, additional aggregated 

frames need not identify the transmitting and receiving station addresses, as they are 
identical. Thus, Address 1 3620 and Address 2 3625 may be omitted. The Duration/ID 
field 3615 does not need to be included for subsequent frames in the aggregated frame. 
Duration may be used to set the NAV. The Duration/ID field is overloaded based on 
context, hi Poll messages, it contains the Access ID (AID). In other messages, the 
same field specifies the duration to set the NAV. The corresponding frame 3805 is 
illustrated in FIG. 38. 

[00297] Further compression is available when the source address and destination station 

addresses contain duplicate information. In this case, Address 3 3630 and Address 4 
3640 may also be removed, resulting in the frame 3905 illustrated in FIG. 39. 

[00298] When fields are removed, to decompress, the receiver may insert the 

corresponding field from the previous header (after decompression) in the aggregated 
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frame. In this example, the first frame in an aggregated frame always uses the 
uncompressed header. Decryption of the payload may require some fields from the 
MAC Header that may have been removed for header compression. After 
decompression of the frame header, these fields may be made available to the 
decryption engine. The Length field is used by the receiver to extract frames (and 
fragments) from the aggregated frame. The Length field indicates the length of the 
frame with the compressed header (in octets). 

[00299] After extraction, the Aggregation header field is removed. The decompressed 

frame is then passed to the decryption engine. Fields in the (decompressed) MAC 
headers may be required for message integrity verification during decryption. 

[00300] FIG. 40 illustrates an example Aggregation Header 3710. The Aggregation 

Header field is added to each frame (or fragment) header for one or more frames 
(encrypted or un-encrypted) that are transmitted in a MIMO Data PPDU. The 
Aggregation Header comprises a 2 bit Aggregation Header Type field 4010 (to indicate 
whether or not header compression is employed, and which type) and a 12 bit Length 
field 4030. Type 00 frames do not employ header compression. Type 01 frames have 
the Duration/ID, Address 1 and Address 2 fields removed. Type 10 frames have the 
same removed fields as type 01 frames, with the Address 3 and Address 4 fields also 
removed. The Length field 4030 in the Aggregation Header indicates the length of the 
frame in octets with the compressed header. 2 bits 4020 are reserved. The Aggregation 
Header types are summarized in Table 2. 



Table 2. Aggregation Header Type 



BitO 


Bitl 


Meaning 


0 


0 


Uncompressed 


0 


1 


Duration/ID, Address 1 and Address 2 fields are removed 


1 


0 


Duration/ID, Address 1, Address 2, Address 3 and 
Address 4 fields are removed 


1 


1 


Reserved 



[00301] In this example embodiment, all management and control frames that are 

encapsulated in an aggregated frame use the uncompressed frame header with 
Aggregation Header type 00. The following management frames may be encapsulated 
along with data frames in an aggregated frame: association request, association 
response, reassociation request, reassociation response, probe request, probe response, 
disassociation, authentication, and deauthentication. The following control frames may 
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be encapsulated along with data frames in an aggregated frame: BlockAck and 
BlockAckRequest. In alternate embodiments, any type of frames may be encapsulated. 

Adaptive Coordination Function 

[00302] The Adaptive Coordination Function (ACF) is an extension of the HCCA and 

EDCA that permits flexible, highly efficient, low latency scheduled operation suitable 
for operation with the high data rates enabled by the MEMO PHY. FIG. 41 illustrates an 
example embodiment of a Scheduled Access Period Frame (SCAP) for use in the ACF. 
Using a SCHED message 4120, an AP may simultaneously schedule one or more AP- 
STA, STA-AP or STA-STA TXOPs over the period known as the Scheduled Access 
Period 4130. These scheduled transmissions are identified as scheduled transmissions 
4140. The SCHED message 4120 is an alternative to the legacy HCCA Poll, detailed 
above. In the example embodiment, the maximum permitted value of the SCAP is 4 
ms. 

[00303] Example scheduled transmissions 4140 are shown in FIG. 41 for illustration, 

including AP to STA transmissions 4142, STA to AP transmissions 4144, and STA to 
STA transmissions 4146. In this example, the AP transmits to STA B 4142A, then to 
STA D 4142B, and then to STA G 4142C. Note that gaps need not be introduced 
between these TXOPs, as the source (the AP) is the same for each transmission. Gaps 
are shown between TXOPs when the source changes (example gap spacings are detailed 
further below). La this illustration, after AP to STA transmissions 4142, STA C 
transmits to the AP 4144A, then, after a gap, STA G transmits to the AP 4144B, and 
then, after a gap, STA E transmits to the AP 4144C. A peer to peer TXOP 4146 is then 
scheduled. In this case, STA E remains as the source (transmitting to STA F), so no gap 
needs to be introduced if the STA E transmit power is unchanged, otherwise a BIFS gap 
may be used. Additional STA to STA transmissions may be scheduled, but are not 
shown in this example. Any combination of TXOPs may be scheduled, in any order. 
The order of TXOP types shown is an example convention only. While it may be 
desirable to schedule TXOPs to minimize the required number of gaps, it is not 
mandatory. 

[003041 The Scheduled Access Period 4130 may also contain a FRACH Period 4150 

dedicated to Fast Random Access Channel (FRACH) transmissions (wherein a STA 
may make a request for an allocation) and/or a MEMO OFDM EDCA 4160 period 
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where MIMO STAs may use EDCA procedures. These contention-based access periods 
are protected by the NAV set for the SCAR During the MIMO OFDM EDCA 4160 
period, MIMO STAs use EDCA procedures to access the medium without having to 
contend with legacy STAs. Transmissions during either protected contention period use 
the MIMO PLCP header (detailed further below). The AP provides no TXOP 
scheduling during the protected contention period, in this embodiment. 
[00305] When only MIMO STAs are present, the NAV for the SCAP may be set through 

a Duration field in the SCHED frame (the SCHED frame is detailed further below). 
Optionally, if protection from legacy STAs is desired, the AP may precede the SCHED 
frame 4120 with a CTS-to-Self 4110 to establish the NAV for the SCAP at all STAs in 
the BSS. 

[00306] In this embodiment, MEMO STAs obey the SCAP boundary. The last STA to 

transmit in a SCAP must terminate its TXOP at least PIFS duration before the end of the 
SCAP. MIMO STAs also obey the scheduled TXOP boundaries and complete their 
transmission prior to the end of the assigned TXOP. This allows the subsequent 
scheduled STA to start its TXOP without sensing the channel to be idle. 

[00307] The SCHED message 4120 defines the schedule. Assignments of TXOPs (AP- 

STA, STA-AP and/or STA-STA) are included in the CTRLJ elements (4515 - 4530 in 
FIG. 45, detailed below) in the SCHED frame. The SCHED message may also define 
the portion of the SCAP 4100 dedicated to FRACH 4150, if any, and a protected portion 
for EDCA operation 4160, if any. If no scheduled TXOP assignments are included in 
the SCHED frame, then the entire SCAP is set aside for EDCA transmissions (including 
any FRACH) protected from legacy STAs by the NAV set for the SCAP. 

[00308] The maximum length of scheduled or contention-based TXOP permitted during 

the SCAP may be indicated in an ACF capabilities element. In this embodiment, the 
length of the SCAP does not change during a Beacon interval. The length may be 
indicated in the ACF capabilities element. An example ACF element comprises a 
SCAP Length (10 bits), a Maximum SCAP TXOP Length (10 bits), a Guard IFS (GIFS) 
Duration (4 bits), and a FRACH RESPONSE (4 bits). The SCAP Length indicates the 
length of the SCAP for the current Beacon interval. The field is encoded in units of 4 
fxs. The Maximum SCAP TXOP Length indicates the maximum permissible TXOP 
length during a SCAP. The field is encoded in units of 4 jus. GIFS Duration is the 
guard interval between consecutive scheduled STA TXOPs. The field is encoded in 
units of 800 ns. FRACH RESPONSE is indicated in units of SCAPs. The AP must 
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respond to a request received using an FRACH PPDU by providing the STA with a 
scheduled TXOP within FRACH RESPONSE SCAPs. 

[00309] FIG. 42 shows an example of how the SCAP may be used in conjunction with 

HCCA and EDCA. In any Beacon interval (illustrated with beacons 4210A-C), the AP 
has complete flexibility to adaptively intersperse duration of EDCA contention-based 
access with the 802.11e CAP and theMIMO OFDM -SCAP. 

[00310] Thus, using the ACF, the AP may operate as in HCCA, but with the additional 

capability of allocating periods for SCAP. For example, the AP may use CFP and CP as 
in the PCF, allocate a CAP for polled operation as in HCCA, or may allocate a SCAP 
for scheduled operation. As shown in FIG. 42, in a Beacon interval, the AP may use 
any combination of periods for contention based access (EDCA) 4220 A-F, CAP 4230A- 
F, and SCAP 4100A-I. (For simplicity, the example in FIG. 42 does not show any CFP.) 
The AP adapts the proportion of the medium occupied by different types of access 
mechanisms based on its scheduling algorithms and its observations of medium 
occupancy. Any scheduling technique may be deployed. The AP determines whether 
admitted QoS flows are being satisfied and may use other observations including 
measured occupancy of the medium for adaptation. 

[00311] HCCA and associated CAPs are decribed above. An illustrative example CAP 

4230 is shown in FIG. 42. An AP TXOP 4232 is followed by a Poll 4234A. HCCA 
TXOP 4236A follows Poll 4234A. Another Poll 4234B is transmitted, followed by 
another respective HCCA TXOP 4236B. 

[00312] EDCA is described above. An illustrative example EDCA 4220 is shown in 

FIG. 42. Various EDCA TXOPs 4222A-C are shown. A CFP is omitted in this 
example. 

[00313] A SCAP 4100, as shown in FIG. 42, may be of the format detailed in FIG. 41, 

including an optional CTS to Self 4110, SCHED 4120, and Scheduled Access Period 
4130. 

[00314] The AP indicates scheduled operation using the 802.11 Delivery Traffic 

Indication Message (DTIM) message as follows. The DTIM contains a bitmap of 
Access IDs (AIDs) for which the AP or another STA in the BSS has backlogged data. 
Using the DTIM, all MIMO-capable STAs are signaled to stay awake following the 
Beacon. In a BSS where both legacy and MIMO STAs are present, legacy STAs are 
scheduled first, immediately following the Beacon. Right after the legacy 
transmissions, the SCHED message is transmitted that indicates the composition of the 
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Scheduled Access Period. MIMO-capable STAs not scheduled in a particular 
Scheduled Access Period may sleep for the remainder of the SCAP and wake up to 
listen for subsequent SCHED messages. 

[00315] Various other modes of operation are enabled with ACF. FIG. 43 shows an 

example operation where each Beacon interval comprises a number of SCAPs 4100 
interspersed with contention-based access periods 4220. This mode permits "fair" 
sharing of the medium where MIMO QoS flows are scheduled during the SCAP while 
MIMO non-QoS flows use the contention periods along with legacy STAs, if present. 
Interspersed periods permit low latency service for MIMO and legacy STAs. 

[00316] As described above, the SCHED message in the SCAP may be preceded by a 

CTS-to-Self for protection from legacy STAs. If no legacy STAs are present, CTS-to- 
Self (or other legacy clearing signal) is not required. The Beacon 4210 may set a long 
CFP to protect all SCAPs from any arriving legacy STAs. A CP at the end of the 
Beacon interval allows newly arriving legacy STAs to access the medium. 

[00317] Optimized low-latency operation with a large number of MIMO STAs may be 

enabled using the example operation shown in FIG. 44. In this example, the assumption 
is that legacy STAs, if present, require only limited resources. The AP transmits a 
Beacon, establishing a long CFP 4410 and a short CP 4420. A Beacon 4210 is followed 
by any broadcast/multicast messages for legacy STAs. Then SCAPs 4100 are 
scheduled back-to-back. This mode of operation also provides optimized power 
management, as the STAs need to awake periodically to listen to SCHED messages and 
may sleep for the SCAP interval if not scheduled in the current SCAP. 

[00318] Protected contention-based access for MIMO STAs is provided through the 

FRACH or MIMO EDCA periods included in the Scheduled Access Period 4130 of the 
SCAP 4100. Legacy STAs may obtain contention-based access to the medium during 
the CP 4420. 

[00319] Consecutive scheduled transmissions from the AP may be scheduled 

immediately following transmission of the SCHED frame. The SCHED frame may be 
transmitted with a preamble. Subsequent scheduled AP transmissions may be 
transmitted without a preamble (an indicator of whether or not a preamble is included 
may be transmitted). An example PLCP preamble is detailed further below. Scheduled 
STA transmissions will begin with a preamble in the example embodiment. 
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Error Recovery 

[00320] The AP may use various procedures for recovery from SCHED receive errors. 

For example, if a STA is unable to decode a SCHED message, it will not be able to 
utilize its TXOP. If a scheduled TXOP does not begin at the assigned start time, the AP 
may initiate recovery by transmitting at a PIFS after the start of the unused scheduled 
TXOP. The AP may use the period of the unused scheduled TXOP as a CAP. During 
the CAP, the AP may transmit to one or more STAs or Poll a STA. The Poll may be to 
the STA that missed the scheduled TXOP or another STA. The CAP is terminated prior 
to the next scheduled TXOP. 

[00321] The same procedures may also be used when a scheduled TXOP terminates 

early. The AP may initiate recovery by transmitting at a PIFS after the end of the last 
transmission in the scheduled TXOP. The AP may use the unused period of a scheduled 
TXOP as a CAP, as just described. 

Protected Contention 

[00322] As described above, a SCAP may also contain a portion dedicated to FRACH 

transmissions and/or a portion where MIMO STAs may use EDCA procedures. These 
contention-based access periods may be protected by the NAV set for the SCAP. 

[00323] Protected contention complements low latency scheduled operation by 

permitting STAs to indicate TXOP requests to assist the AP in scheduling. In the 
protected EDCA period, MIMO OFDM STAs may transmit frames using EDCA based 
access (protected from contention with legacy STAs). Using legacy techniques, STAs 
may indicate TXOP duration request or buffer status in the 802.1 le QoS Control field in 
the MAC Header. However, the FRACH is a more efficient means of providing the 
same function. During the FRACH period, STAs may use slotted Aloha like contention 
to access the channel in fixed size FRACH slots. The FRACH PPDU may include the 
TXOP duration request. 

[00324] In the example embodiment, MIMO frame transmissions use the MEMO PLCP 

Header, detailed below. Since legacy 802.11b, 802.11a, and 802.11g STAs are able to 
decode only the SIGNAL 1 field of the MIMO PLCP header (detailed with respect to 
FIG. 50, below), in the presence of non-MIMO STAs, MIMO frames must be 
transmitted with protection. When both legacy and MIMO STAs are present, STAs 
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using EDCA access procedures may use a legacy RTS/CTS sequence for protection. 

Legacy RTS/CTS refers to the transmission of RTS/CTS frames using legacy preamble, 

PLCP header and MAC frame formats. 
[00325] MIMO transmissions may also utilize the protection mechanisms provided by 

the 802.1 le HCCA. Thus, transmissions from the AP to STAs, polled transmissions 

from ST As to the AP, or from a STA to another STA (using the Direct Link Protocol) 

may be provided protection using the Controlled Access Period (CAP). 
[00326] The AP may also use legacy CTS-to-Self for protection of the MIMO Scheduled 

Access Period (SCAP) from legacy STAs. 
[00327] When an AP determines that all STAs present in the BSS are capable of 

decoding the MEMO PLCP header, it indicates this in a MIMO capabilities element in 

the Beacon. This is referred to as a MIMO BSS. 
[00328] Iti a MIMO BSS, under both EDCA and HCCA, frame transmissions use the 

MIMO PLCP header and MIMO OFDM Training symbols according to MIMO OFDM 

Training symbols aging rules. Transmissions in the MIMO BSS use the MIMO PLCP. 

Reduced Inter-Frame Spacing 

[00329] Various techniques for generally reducing Inter-Frame Spacing are detailed 

above. Illustrated here are several examples of reducing inter-frame spacing in this 
example embodiment. For scheduled transmissions, the start time of the TXOP is 
indicated in the SCHED message. The transmitting STA may begin its scheduled 
TXOP at the precise start time indicated in the SCHED message without determining 
that the medium is idle. As described above, consecutive scheduled AP transmissions 
during a SCAP are transmitted with no minimum IFS. 

[00330] In the example embodiment, consecutive scheduled STA transmissions (from 

different STAs) are transmitted with an IFS of at least Guard IFS (GIFS). The default 
value of GIFS is 800 ns. A larger value may be chosen up to the value of Burst IFS 
(BIFS) defined next. The value of GIFS may be indicated in the ACF capabilities 
element, described above. Alternate embodiments may employ any values for GIFS 
and BIFS. 

[00331] Consecutive MIMO OFDM PPDU transmissions from the same STA (TXOP 

bursting) are separated by a BIFS. When operating in the 2.4 GHz band, the BIFS is 
equal to the 10 jxs and the MIMO OFDM PPDU does not include the 6 fis OFDM signal 
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extension. When operating in the 5 GHz band, the BIFS is 10 ju.s. In an alternate 
embodiment, BIFS may be set to a smaller or larger value, including 0. To allow the 
receiving STA Automatic Gain Control (AGC) to switch between transmissions, a gap 
larger than 0 may be used when the transmitting STA transmit power is changed. 

[00332] Frames that require an immediate response from the receiving STA are not 

transmitted using a MIMO OFDM PPDU. Instead, they are transmitted using the 
underlying legacy PPDU, i.e. Clause 19 in the 2.4 GHz band or Clause 17 in the 5 GHz 
band. Some examples of how legacy and MIMO OFDM PPDUs are multiplexed on the 
medium are shown below. 

[00333] First, consider a legacy RTS/CTS followed by MIMO OFDM PPDU bursting. 

The transmission sequence is as follows: Legacy RTS - SIFS - Legacy CTS - SIFS - 
MIMO OFDM PPDU - BIFS - MIMO OFDM PPDU. In 2.4 GHz, the legacy RTS or 
CTS PPDU uses OFDM signal extension and the SIFS is 10 pis. In 5 GHz, there is no 
OFDM extension but the SIFS is 16 jus. 

[00334] Second, consider an EDCA TXOP using MIMO OFDM PPDU. The 

transmission sequence is as follows: MIMO OFDM PPDU - BIFS - Legacy 
BlockAckRequest - SIFS - ACK. The EDCA TXOP is obtained using EDCA 
procedures for the appropriate Access Class (AC). As detailed above, EDCA defines 
access classes that may use different parameters per AC, such as AIFS[AC] ? 
CWmin[AC], and CWmax[AC]. The Legacy BlockAckRequest is transmitted with 
either signal extension or 16 /xs SIFS. If the BlockAckRequest is transmitted in the 
aggregate frame within the MIMO OFDM PPDU, there is no ACK. 

[00335] Third, consider consecutive scheduled TXOPs. The transmission sequence is as 

follows: STA A MIMO OFDM PPDU - GIFS - STA B MIMO OFDM PPDU. There 
may be an idle period after the transmission of the STA A MIMO OFDM PPDU if the 
PPDU transmission is shorter than the assigned maximum permitted TXOP time. 

[00336] As described above, decoding and demodulation of coded OFDM transmissions 

imposes additional processing requirements at the receiving STA. To accommodate 
this, 802.11a and 802.1 lg allow additional time for the receiving STA before the ACK 
must be transmitted. In 802.11a, the SIFS time is set to 16 jxs. In 802.1 lg the SIFS 
time is set to 10 /xs but an additional 6 /xs OFDM signal extension is introduced. 

[00337] Since decoding and demodulation of MIMO OFDM transmissions may impose 

even more processing burden, following the same logic, an embodiment may be 
designed to increase the SIFS or OFDM signal extension, leading to further reduction in 
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efficiency. In the example embodiment, by extending the Block ACK and Delayed 
Block Ack mechanisms of 802.1 le, the requirement of immediate ACK for all MIMO 
OFDM transmissions is eliminated. Instead of increasing the SIFS or the signal 
extension, the signal extension is eliminated, and for many situations the required inter- 
frame spacing between consecutive transmissions is reduced or eliminated, leading to 
greater efficiency. 

SCHED Message 

[00338] FIG. 45 illustrates the SCHED message, introduced above with respect to FIG. 

41, and detailed further below. The SCHED message 4120 is a multiple poll message 
that assigns one or more AP-STA, STA-AP and STA-STA TXOPs for the duration of a 
Scheduled Access Period (SCAP). Use of the SCHED message permits reduced polling 
and contention overhead, as well as eliminates unnecessary IFS. 

[00339] The SCHED message 4120 defines the schedule for the SCAP. SCHED 

message 4120 comprises a MAC Header 4510 (15 octets in the example embodiment). 
In the example embodiment, each of the CTRL0, CTRL1, CTRL2 and CTRL3 
segments (referred to genetically herein as CTRLJ, where J may be 0 to 3 to illustrate 
segments 4515 - 4530, respectively) are of variable length and may be transmitted at 6, 
12, 18 and 24 Mbps, respectively, when present. 

[00340] The example MAC header 4510 comprises Frame Control 4535 (2 octets), 

Duration 4540 (2 octets), BSSID 4545 (6 octets), Power Management 4550 (2 octets), 
and MAP 4555 (3 octets). Bits 13-0 of the Duration field 4540 specify the length of the 
SCAP in microseconds. The Duration field 4540 is used by STAs capable of MIMO 
OFDM transmissions to set the NAV for the duration of the SCAP. When legacy STAs 
are present in the BSS, the AP may use other means to protect the SCAP, e.g. a legacy 
CTS-to-Self. In the example embodiment, the maximum value of the SCAP is 4 ms. 
The BSSID field 4545 identifies the AP. 

[00341] The Power Management field 4550 is shown in FIG. 46. Power Management 

4550 comprises SCHED Count 4610, a reserved field 4620 (2 bits), Transmit Power 
4630, and Receive Power 4640. The AP transmit power and AP receive power are as 
indicated in the Power Management field and STA receive power level is measured at 
the STA. 



WO 2005/039105 PCT/US2004/034259 

71 

[00342] SCHED Count is a field that is incremented at each SCHED transmission (6 bits 

in this example). The SCHED Count is reset at each Beacon transmission. SCHED 
Count may be used for various purposes. As an example, a power-saving feature using 
SCHED Count is described below. 

[00343] The Transmit Power field 4630 represents the transmit power level being used 

by the AP. In the example embodiment, the 4-bit field is encoded as follows: The 
value represents the number of 4 dB steps that the transmit power level is below the 
Maximum Transmit Power Level (in dBm) for that channel as indicated in an 
information element of the Beacon. 

[00344] The Receive Power field 4640 represents the receive power level expected at the 

AP. In the example embodiment, the 4-bit field is encoded as follows: The value 
represents the number of 4 dB steps that the receive power level is above the minimum 
Receiver Sensitivity Level (-82 dBm). Based on the received power level at a STA, a 
STA may compute its transmit power level as follows: STA Transmit Power (dBm) 
= AP Transmit Power (dBm) + AP Receive Power (dBm) - STA Receive Power (dBm). 

[00345] In the example embodiment, during scheduled STA-STA transmissions, the 

control segment is transmitted at a power level that may be decoded at both the AP as 
well as the receiving STA. A power control report from the AP or the Power 
Management field 4550 in the SCHED frame permits the STA to determine the transmit 
power level required so that the control segment may be decoded at the AP. This 
general aspect is detailed above with respect to FIG. 22. For a scheduled STA-STA 
transmission, when the power required to decode at the AP is different than the power 
required to decode at the receiving STA, the PPDU is transmitted at the higher of the 
two power levels. 

[00346] The MAP field 4555, shown in FIG. 47, specifies the presence and duration of 

protected contention based access periods during the SCAP. MAP field 4555 comprises 
FRACH Count 4710, FRACH Offset 4720, and EDCA Offset 4730. The example 
FRACH Count 4710 (4 bits) is the number of FRACH slots scheduled starting at the 
FRACH Offset 4720 (10 bits). Each FRACH slot is 28 jws. An FRACH Count value of 
'0' indicates that there is no FRACH period in the current Scheduled Access Period. 
The EDCA Offset 4730 is the start of the protected EDCA period. The example EDCA 
Offset 4730 is 10 bits. Both the FRACH Offset 4720 and the EDCA Offset 4730 are in 
units of 4 /xs starting from the beginning of the SCHED frame transmission. 
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[00347] The SCHED message 4120 is transmitted as a special SCHED PPDU 5100 

(Type 0010), detailed further below with respect to FIG. 51. The presence within 
SCHED message 4120 and length of the CTRLO 4515, CTKL1 4520, CTRL2 4525, and 
CTRL3 4530 segments are indicated in the SIGNAL field (5120 and 5140) of the PLCP 
Header of the SCHED PPDU 5100. 

[00348] FIG. 48 illustrates SCHED control frames for TXOP assignment. Each of the 

CTRLO 4515, CTRL1 4520, CTRL2 4525, and CTRL3 4530 segments are of variable 
length and each comprises zero or more assignment elements (4820, 4840, 4860, and 
4880, respectively). A 16-bit FCS (4830, 4850, 4870, and 4890, respectively) and 6 tail 
bits (not shown) are added per CTRLJ segment. For the CTRLO segment 4515 the FCS 
is computed over the MAC Header 4510 and any CTRLO assignment elements 4820 
(thus MAC Header is shown prepended to CTRLO 4515 in FIG. 48). In the example 
embodiment, the FCS 4830 for CTRLO 4515 is included even if no assignment elements 
are included in the CTRLO segment. 

[00349] As detailed herein, the AP transmits assignments for AP-STA, STA-AP and 

STA-STA transmissions in the SCHED frame. Assignment elements to different STAs 
are transmitted in a CTRLJ segment as indicated by the STA in the SCHED Rate field 
of the PLCP header of its transmissions. Note that CTRLO through CTRL3 correspond 
to decreasing robustness. Each STA begins decoding the PLCP Header of the SCHED 
PPDU. The SIGNAL field indicates the presence and length of CTRLO, CTRL1, 
CTRL2 and CTRL3 segments in the SCHED PPDU. The STA receiver begins with 
decoding the MAC Header and CTRLO segment, decoding each assignment element 
until the FCS, and it continues to subsequently decode CTRL1, CTRL2 and CTRL3, 
stopping at the CTRLJ segment whose FCS it is unable to verify. 

[00350] Five types of assignment elements are defined as shown in Table 3. A number 

of assignment elements may be packed into each CTRLJ segment. Each assignment 
element specifies the transmitting STA Access ID (AID), the receiving STA AID, the 
start time of the scheduled TXOP and the maximum permitted length of the scheduled 
TXOP. 
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Table 3. Assignment Element Types 



Type 
(3 bits) 


Assignment Element 
Type 


Fields 
(Lengths in bits) 


Total Length 
m bits 


000 


Simplex AP-STA 


Preamble Present (1) 
AID (16) 
Start Offset (10) 
TXOP Duration (10) 


40 


001 


Simplex STA-AP 


AID (16) 
Start Offset (10) 
TXOP Duration (10) 


39 


010 


Duplex AP-STA 


Preamble Present (1) 
AID (16) 
AP Start Offset (10) 
AP TXOP Duration (1 0) 
STA Start Offset (10) 
STA TXOP Duration (1 0) 


60 


on 


Simplex STA-STA 


Transmit AID (16) 
Receive ADD (16) 
Diart vJiisex v * "J 
Max PPDU Size (10) 


55 


100 


Duplex STA-STA 


AID 1 (16) 
AID 2 (16) 
STA 1 Start Offset (10) 
STA 1 Max PPDU Size (1 0) 
STA 2 Start Offset (10) 
STA 2 Max PPDU Size (10) 


75 



[00351] The preamble may be eliminated in consecutive transmissions from the AP. The 

Preamble Present bit is set to 0 if the AP will not transmit a preamble for a scheduled 
AP transmission. An example benefit of preamble elimination is when the AP has low 
bandwidth, low latency flows to several STAs, such as in a BSS with many Voice over 
IP (VoIP) flows. Therefore, the SCHED frame permits the aggregation of transmissions 
from the AP to several receiving STAs (i.e. PPDU aggregation, described above). 
Frame Aggregation, as defined above, permits the aggregation of frames to one 
receiving STA. 

[00352] The Start Offset field is in multiples of 4 /xs referenced from the start time of the 

SCHED message preamble. The AID is the Access ID of the assigned STA(s). 

[00353] For all assignment element types except scheduled STA-STA transmissions, the 

TXOP Duration field is the maximum permitted length of the scheduled TXOP in 
multiples of 4 pis. The actual PPDU Size of the transmitted PPDU is indicated in the 
SIGNAL1 field of the PPDU (detailed further below). 
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[00354] For scheduled STA-STA transmissions (Assignment Element Types Oil and 

100), the Max PPDU Size field is also the maximum permitted length of the scheduled 
TXOP in multiples of 4 jtts, however additional rules may apply. In the example 
embodiment, for scheduled STA-STA transmissions, the TXOP contains only one 
PPDU. The receiving STA uses the Max PPDU Size indicated in the assignment 
element to determine the number of OFDM symbols in the PPDU (since the PPDU Size 
field is replaced by a Request field in the SIGNAL 1 , detailed below with respect to FIG. 
51). If the STA-STA flow uses OFDM symbols with the standard Guard Interval (GI), 
the receiving STA sets the PPDU Size for the scheduled TXOP to the Max PPDU Size 
indicated in the assignment element. If the STA-STA flow uses OFDM symbols with 
shortened GI, the receiving STA determines the PPDU Size by scaling up the Max 
PPDU Size field by a factor of 10/9 and rounding down. The transmitting STA may 
transmit a PPDU shorter than the assigned Max PPDU Size. The PPDU Size does not 
provide the length of the aggregated MAC frame to the receiver. The length of the 
encapsulated frames is included in the Aggregation header of each MAC frame. 

[00355] Inclusion of the transmitting and receiving STA in the assignment elements 

permits power saving at STAs that are not scheduled to transmit or receive during the 
SCAP. Recall the SCHED Count field introduced above. Each assignment scheduled 
by the SCHED message specifies the transmitting STA AID, the receiving STA AID, 
the start time of the scheduled TXOP, and the maximum permitted length of the 
scheduled TXOP. The SCHED Count is incremented at each SCHED transmission and 
is reset at each Beacon transmission. STAs may indicate a power-save operation to the 
AP, and thus are provided specific SCHED Count values during which they may be 
assigned scheduled transmit or receive TXOPs by the AP. STAs may then wake up 
periodically only to listen for SCHED messages with an appropriate SCHED Count. 

PPDU Formats 

[00356] FIG. 49 depicts a legacy 802. 1 1 PPDU 4970, comprising a PLCP preamble 4975 

(12 OFSM symbols), a PLCP header 4910, a variable length PSDU 4945, a 6-bit tail 
4950, and variable length pad 4955. A portion 4960 of PPDU 4970 comprises a 
SIGNAL field (1 OFDM symbol) transmitted using BPSK at rate = 1/2, and a variable 
length data field 4985, transmitted with the modulation format and rate indicated in 
SIGNAL 4980. PLCP header 4910 comprises SIGNAL 4980 and 16-bit Service field 
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4940 (which is included in DATA 4985, and transmitted according to its format). 
SIGNAL field 4980 comprises Rate 4915 (4 bits), reserved field 4920 (1 bit), Length 
4925 (12 bits), Parity bit 4930, and Tail 4935 (6 bits). 

[00357] The extended SIGNAL fields (detailed below) in the example PLCP Header 

(detailed below) is backward compatible with the SIGNAL field 4980 of legacy 802.11. 
Unused values of the RATE field 4915 in legacy SIGNAL field 4980 are set to define 
new PPDU types (detailed below). 

[00358] Several new PPDU types are introduced. For backward compatibility with 

legacy STAs, the RATE field in the SIGNAL field of the PLCP Header is modified to a 
RATE/Type field. Unused values of RATE are designated as PPDU Type. The PPDU 
Type also indicates the presence and length of a SIGNAL field extension designated 
SIGNAL2. New values of the RATE/Type field are defined in Table 4. These values 
of the RATE/Type field are undefined for legacy STAs. Therefore, legacy STAs will 
abandon decoding of the PPDU after successfully decoding the SIGNAL 1 field and 
finding an undefined value in the RATE field. 

[00359] Alternately, the Reserved bit in the legacy SIGNAL field may be set to '1' to 

indicate a MEMO OFDM transmission to a new class STA. Receiving STAs may 
ignore the Reserved bit and continue to attempt to decode the SIGNAL field and the 
remaining transmission. 

[00360] The receiver is able to determine the length of the SIGNAL2 field based on the 

PPDU Type. The FRACH PPDU appears only in a designated portion of the SCAP and 
needs to be decoded only by the AP. 



Table 4. MIMO PPDU Types 



RATE/Type 
(4 bits) 


MIMO PPDU 


SIGNAL2 Field 
Length (OFDM 
Symbols) 


0000 


MIMO BSS IBSS or MIMO AP transmission 
(except SCHED PPDU). 


1 


0010 


MIMO BSS SCHED PPDU 


1 


0100 


MIMO BSS FRACH PPDU 


2 



[00361] FIG. 50 depicts MIMO PPDU format 5000 for data transmissions. PPDU 5000 

is referred to as PPDU Type 0000. PPDU 5000 comprises a PLCP preamble 5010, 
SIGNAL 1 5020 (1 OFDM symbol), SIGNAL 2 5040 (1 OFDM symbol), Training 
Symbols 5060 (0, 2, 3, or 4 symbols), and a variable length. Data field 5080. PLCP 
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preamble 5010, when present, is 16 (is in the example embodiment. SIGNAL 1 5020 
and SIGNAL 2 5040 are transmitted using the PPDU control segment rate and 
modulation format. Data 5080 comprises Service 5082 (16 bits), Feedback 5084 (16 
bits), a variable length PSDU 5086, Tail 5088 (6 bits per stream) where a separate 
convoutional channel code is applied to each stream, and variable length Pad 5090. 
Data 5080 is transmitted using the PPDU data segment rate and modulation format. 

[00362] The MIMO PLCP header for PPDU Type 0000 comprises the SIGNAL 

(including SIGNAL 1 5020 and SIGNAL2 5040), SERVICE 5082 and FEEDBACK 
5084 fields. The SERVICE field is unchanged from legacy 802.11, and is transmitted 
using the data segment rate and format. 

[00363] The FEEDBACK field 5084 is transmitted using the data segment rate and 

format. The FEEDBACK field comprises the ES field (1 bit), the Data Rate Vector 
Feedback (DRVF) field (13 bits), and a Power Control field (2 bits). 

[00364] The ES field indicates the preferred steering method. In the example 

embodiment, Eigenvector Steering (ES) is selected when the ES bit is set, and Spatial 
Spreading (SS) is selected otherwise. 

[00365] The Data Rate Vector Feedback (DRVF) field provides feedback to the peer 

station regarding the sustainable rate on each of up to four spatial modes. 

[00366] Explicit rate feedback allows stations to quickly and accurately maximize their 

transmission rates, dramatically improving efficiency of the system. Low latency 
feedback is desirable. However, feedback opportunities need not be synchronous. 
Transmission opportunities may be obtained in any manner, such as contention-based 
(i.e. EDCA), polled (i.e. HCF), or scheduled (i.e. ACF). Therefore, variable amounts of 
time may pass between transmission opportunities and rate feedback. Based on the age 
of the rate feedback, the transmitter may apply a back-off to determine the transmission 
rate. 

[00367] The PPDU data segment rate adaptation for transmissions from STA A to STA 

B relies on feedback provided by STA B to STA A (described earlier, see FIG. 24, for 
example). For either ES or SS mode of operation, each time STA B receives MIMO 
OFDM Training Symbols from the STA A, it estimates the data rates that can be 
achieved on each spatial stream. In any subsequent transmission from STA B to STA 
A, STA B includes this estimate in the DRVF field of FEEDBACK 5084. The DRVF 
field is transmitted at the data segment 5080 rate. 
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[00368] When transmitting to STA B, STA A determines what transmission rates to use 

based on the DRVF it received from STA B, with an optional back-off as necessary to 
account for delays. The SIGNAL field (detailed below) contains the 13-bit DRV field 
5046 that allows the receiving STA B to decode the frame transmitted from STA A. 
The DRV 5046 is transmitted at the control segment rate. 

[00369] The DRVF field is encoded comprising a STR field (4 bits), an R2 field (3 bits), 

an R3 field (3 bits), and an R4 field (3 bits). The STR field indicates the Rate for 
Stream 1. This field is coded as STR Value shown in Table 5. R2 indicates the 
difference between the STR Value for Stream 1 and the STR Value for Stream 2. An 
R2 value of "111" indicates that Stream 2 is off. R3 indicates the difference between 
the STR Value for Stream 2 and the STR Value for Stream 3. An R3 value of "111" 
indicates that Stream 3 is off. If R2 = "111", then R3 is set to "111". R4 indicates the 
difference between the STR Value for Stream 3 and the STR Value for Stream 4. An 
R4 value of "1 1 1" indicates that Stream 4 is off. If R3 = "1 1 1" then R4 is set to "1 1 1". 

[00370] When ES = 0, i.e. spatial spreading, an alternate encoding of the DRVF is as 

follows: Number of Streams (2 bits), Rate per Stream (4 bits). The Rate per Stream 
field is coded as STR Value above. The remaining 7 bits are Reserved. 



Table 5. STR Encoding 



STR Value 


Coding Rate 


Modulation Format 


Bits/symbol per Stream 


0000 


1/2 


BPSK 


0.5 


0001 


3/4 


BPSK 


0.75 


0010 


1/2 


QPSK 


1.0 


0011 


3/4 


QPSK 


1.5 


0100 


1/2 


16 QAM 


2.0 


0101 


5/8 


16 QAM 


2.5 


0110 


3/4 


16 QAM 


3.0 


0111 


7/12 


64 QAM 


3.5 


1000 


2/3 


64 QAM 


4.0 


1001 


3/4 


64 QAM 


4.5 


1010 


5/6 


64 QAM 


5.0 


1011 


5/8 


256 QAM 


5.0 


1100 


3/4 


256 QAM 


6.0 


1101 


7/8 


256 QAM 


7.0 



[00371] In addition to the DRVF, STA B also provides power control feedback to the 

transmitting STA A. This feedback is included in the Power Control field and is also 
transmitted at the data segment rate. This field is 2 bits and indicates either to increase 
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or decrease power or to leave the power level unchanged. The resultant transmit power 
level is designated the Data Segment Transmit Power level. 
[00372] Example Power Control field values are illustrated in Table 6. Alternate 

embodiments may deploy power control fields of various sizes, and with alternate 
power adjustment values. 



Table 6. Power Control Field Values 



Power Control Field 


Meaning 


00 


No Change 


01 


Increase power by ldB 


10 


Decrease power by ldB 


11 


Reserved 



[00373] The transmit power level remains constant for the entire PPDU. When the Data 

Segment Transmit Power Level and the Open Loop STA Transmit Power (i.e. the 
power level required for the AP to decode the transmission, detailed above) are 
different, the PPDU is transmitted at the maximum of the two power levels. That is, 
PPDU Transmit Power Level is the maximum of the Open Loop STA Transmit Power 
(dBm) and the Data Segment Transmit Power (dBm). 

[00374] In the example embodiment, the Power Control field is set to "00" in the first 

frame of any frame exchange sequence. In subsequent frames, it indicates the increase 
or decrease of power in ldB steps. The receiving STA will use this feedback 
information in all subsequent frame transmissions to that STA. 

[00375] SIGNAL1 5020 comprises RATE/Type field 5022 (4 bits), 1 Reserved Bit 5024, 

PPDU Size/Request 5026 (12 bits), Parity bit 5028, and a 6-bit Tail 5030. The 
SIGNAL1 field 5020 is transmitted using the control segment rate and format (6 Mbit/s, 
in the example embodiment). The RATE/Type field 5022 is set to 0000. The Reserved 
bit 5024 maybe set to 0. 

[00376] The PPDU Size/Request Field 5026 serves two functions, depending on the 

transmission mode. In contention-based STA transmissions and all AP transmissions, 
this field denotes the PPDU Size. In this first mode, Bit 1 indicates that the PPDU uses 
expanded OFDM symbols, Bit 2 indicates that the PPDU uses OFDM symbols with 
shortened GI, and Bits 3-12 indicate the number of OFDM symbols. 
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[0O377] In scheduled non-AP STA transmissions, PPDU Size/Request Field 5026 

denotes Request. In this second mode, Bits 1-2 indicate the SCHED Rate. SCHED 
Rate indicates the highest numbered SCHED (0, 1,2 or 3) field that may be used to 
transmit an assignment to the STA. During Training symbol transmissions from the 
AP, each non-AP STA estimates the rate at which it can robustly receive SCHED frame 
transmissions from the AP, In subsequent scheduled transmissions from the STA, this 
maximum permissible rate is included in the SCHED Rate field. This field is decoded 
by the AP. The AP uses this information to schedule subsequent TXOPs for the STA 
and determines the CTRLJ (0, 1, 2, or 3) for issuing those allocations to the STA. 

[0O378] In the second mode, Bits 3-4 indicate the QoS field, which identifies the fraction 

(in thirds) of the request that is for TC 0 or 1 (i.e. 0%, 33%, 67%, 100%). Bits 5-12 
indicate the requested length of TXOP (in multiples of 16 ps, in the example 
embodiment). 

[00379] The SIGNAL1 field 5020 is checked by 1 Parity bit 5028 and terminated with a 

6-bit Tail 5030 for the convolutional encoder. 

[0O380] The presence and length of the SIGNAL2 field 5040 is indicated by the 

RATE/Type field 5022 in SIGNAL 1 5020. The SIGNAL2 field 5040 is transmitted 
using the control segment rate and format. SIGNAL2 5040 comprises a Reserved bit 
5042, Training Type 5044 (3 bits), Data Rate Vector (DRV) 5046 (13 bits), Parity bit 
5048, and Tail 5050 (6 bits). The 3-bit Training Type field indicates the length and 
format of the MIMO OFDM Training symbols. Bits 1-2 indicate the number of MIMO 
OFDM Training Symbols 5060 (0, 2, 3 or 4 OFDM symbols). Bit 3 is the Training 
Type field: 0 indicates SS, 1 indicates ES. The DRV 5046 provides the rate for each of 
up to four spatial modes. The DRV 5046 is encoded in the same manner as DRVF 
(included in FEEDBACK 5084, detailed above). The SIGNAL2 field 5040 is checked 
by 1 Parity bit 5048 and terminated with a 6-bit Tail 5050 for the convolutional encoder. 

[00381] FIG. 51 depicts SCHED PPDU 5100 (Rate/Type = 0010). SCHED PPDU 5100 

comprises a PLCP preamble 5110, SIGNAL 1 5120 (1 OFDM symbol), SIGNAL 2 
5140 (1 OFDM symbol), Training Symbols 5160 (0, 2, 3, or 4 symbols), and a variable 
length SCHED Frame 5180. PLCP preamble 5010, when present, is 16 ^s in the 
example embodiment. SIGNAL 1 5020 and SIGNAL 2 5040 are transmitted using the 
PPDU control segment rate and modulation format. SCHED Frame 5180 may include 
various rates, as detailed above, with respect to the ACF description. 
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[00382] SIGNAL 1 5120 comprises RATE/Type 5122 (4 bits), a Reserved bit 5124, 

CTRLO Size 5126 (6 bits), CTRL1 Size 5128 (6 bits), Parity bit 5130, and Tail 5132 (6 
bits). RATE/Type 5122 is set to 0010. The Reserved bit 5124 may be set to 0. CTRLO 
Size 5126 indicates the length of the segment of the SCHED PPDU transmitted at the 
lowest rate (6 Mbps in this example). This segment includes the SERVICE field of the 
PLCP Header, the MAC Header and the CTRLO segment 5126. The value is encoded 
in multiples of 4 /xs, in this example. CTRL1 Size 5128 indicates the length of the 
segment of the SCHED PPDU transmitted at the next higher rate (12 Mbps in this 
example). The value is encoded in multiples of 4 /zs, in this example. A CTRL1 Size of 
c 0' indicates that the corresponding CTRL1 segment is not present in the SCHED 
PPDU. The SIGNAL1 field 5120 is checked by 1 Parity bit 5130 and terminated with a 
6-bit Tail 5132 for the convolutional encoder. 

[00383] SIGNAL2 5140 comprises a Reserved bit 5142, Training Type 5144 (3 bits), 

CTRL2 Size 5146 (5 bits), CTRL3 Size 5148 (5 bits), FCS 5150 (4 bits), and Tail 5152 
(6 bits). The Reserved bit 5142 may be set to 0. Training Type 5144 is as specified for 
PPDU Type 0000 (Training Type 5044). 

[00384] CTRL2 Size 5146 indicates the length of the segment of the SCHED PPDU 

transmitted at the next highest rate (18 Mbps in this example). The value is encoded in 
multiples of 4 /xs, in this example. A CTRL2 Size of '0' indicates that the 
corresponding CTRL2 segment is not present in the SCHED PPDU. CTRL3 Size 5148 
indicates the length of the segment of the SCHED PPDU transmitted at the highest rate 
(24 Mbps in this example). The value is encoded in multiples of 4 /xs, in this example. 
A CTRL2 Size of '0' indicates that the corresponding CTRL3 segment is not present in 
the SCHED PPDU. 

[00385] FCS 5150 is computed over the entire SIGNAL1 and SIGNAL2 fields. The 

SIGNAL2 field 5152 is terminated with a 6-bit Tail 5152 for the convolutional encoder. 

[00386] FIG. 52 depicts FRACH PPDU 5200 (Rate/Type = 0100). FRACH PPDU 5200 

comprises a PLCP preamble 5210, SIGNAL 1 5220 (1 OFDM symbol), and SIGNAL 2 
5240 (2 OFDM symbols). PLCP preamble 5210, when present, is 16 fxs in the example 
embodiment. SIGNAL 1 5220 and SIGNAL 2 5240 are transmitted using the PPDU 
control segment rate and modulation format. The FRACH PPDU 5200 is transmitted by 
a STA during the FRACH period within the MIMO Scheduled Access Period. The 
FRACH period is established by and therefore known to the AP (as detailed above). 
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[0O387J SIGNAL1 5220 comprises RATE/Type 5222 (4 bits), a Reserved bit 5224, 

Request 5226 (12 bits), Parity bit 5228, and Tail 5230 (6 bits). RATE/Type 5222 is set 
to 0100. The Reserved bit 5 124 may be set to 0. The Request Field 5226 is as specified 
for PPDU Type 0000 (5000), detailed above. The SIGNAL 1 field 5220 is checked by 1 
Parity bit 5228 and terminated with a 6-bit Tail 5230 for the convolutional encoder. 
[0O388] SIGNAL2 5240 comprises a Reserved bit 5242, Source AID 5244 (16 bits), 

Destination AID 5246 (16 bits), FCS 5248 (4 bits), and Tail 5250 (6 bits). The 
Reserved bit 5242 may be set to 0. Source AID 5244 identifies the STA transmitting on 
the FRACH. Destination AID 5246 identifies the destination STA for which a TXOP is 
being requested. In the example embodiment, in the case where the destination is the 
AP, the value of the Destination AID field 5246 is set to 2048. A 4-bit FCS 5248 is 
computed over the entire SIGNAL 1 and SIGNAL2 fields. A 6 bit Tail 5250 is added 
prior to convolutional encoding. 
[0O389] In the example embodiment, STAs may use slotted Aloha to access the channel 

and transmit the request message in the FRACH. If received successfully by the AP, 
the AP provides the requesting STA with a scheduled TXOP in a subsequent scheduled 
access period. The number of FRACH slots for the current scheduled access period is 
indicated in the SCHED message, N_FRACH. 
[00390] The STA may also maintain a variable BFRACH. FoUowing a transmission on 

the FRACH, if the STA receives a TXOP assignment from the AP, it resets B FRACH. 
If the STA does not receive a TXOP assignment within a predetermnined number, 
FRACH RESPONSE, of SCHED transmissions from the AP, B_FRACH is incremented 
by 1 up to a maximum value of 7. The parameter FRACH RESPONSE is included in 
an ACF element of the Beacon. During any FRACH, the STA picks a FRACH slot with 
probability (N FRACH)" 1 * 2" B - FRACH . 
[00391J If no FRACH period is scheduled by the AP, MIMO STAs may contend during 

the protected contention period during the SCAP using EDCA rules. 
[00392] Those of skill in the art would understand that information and signals may be 

represented using any of a variety of different technologies and techniques. For 
example, data, instructions, commands, information, signals, bits, symbols, and chips 
that may be referenced throughout the above description may be represented by 
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or 
particles, or any combination thereof. 
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[00393] Those of skill would further appreciate that the various illustrative logical 

blocks, modules, circuits, and algorithm steps described in connection with the 
embodiments disclosed herein may be implemented as electronic hardware, computer 
software, or combinations of both. To clearly illustrate this interchangeability of 
hardware and software, various illustrative components, blocks, modules, circuits, and 
steps have been described above generally in terms of their functionality. Whether such 
functionality is implemented as hardware or software depends upon the particular 
application and design constraints imposed on the overall system. Skilled artisans may 
implement the described functionality in varying ways for each particular application, 
but such implementation decisions should not be interpreted as causing a departure from 
the scope of the present invention. 
[0O394] The various illustrative logical blocks, modules, and circuits described in 

connection with the embodiments disclosed herein may be implemented or performed 
with a general purpose processor, a digital signal processor (DSP) 5 an application 
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other 
programmable logic device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform the functions described 
herein. A general purpose processor may be a microprocessor, but in the alternative, the 
processor may be any conventional processor, controller, microcontroller, or state 
machine. A processor may also be implemented as a combination of computing 
devices, e.g., a combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunction with a DSP core, or any 
other such configuration. 
[00395] The steps of a method or algorithm described in connection with the 

embodiments disclosed herein may be embodied directly in hardware, in a software 
module executed by a processor, or in a combination of the two. A software module 
may reside in RAM memory, flash memory, ROM memory, EPROM memory, 
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other 
form of storage medium known in the art. An exemplary storage medium is coupled to 
the processor such the processor can read information from, and write information to, 
the storage medium. In the alternative, the storage medium may be integral to the 
processor. The processor and the storage medium may reside in an ASIC. The ASIC 
may reside in a user terminal. In the alternative, the processor and the storage medium 
may reside as discrete components in a user terminal. 
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[00396] Headings are included herein for reference and to aid in locating various 

sections. These headings are not intended to limit the scope of the concepts described 
with respect thereto. Such concepts may have applicability throughout the entire 
specification. 

[00397] The previous description of the disclosed embodiments is provided to enable any 

person skilled in the art to make or use the present invention. Various modifications to 
these embodiments will be readily apparent to those skilled in the art, and the generic 
principles defined herein may be applied to other embodiments without departing from 
the spirit or scope of the invention. Thus, the present invention is not intended to be 
limited to the embodiments shown herein but is to be accorded the widest scope 
consistent with the principles and novel features disclosed herein. 
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CLAIMS 

1 . A data frame comprising: 

a common portion, for transmission according to a first format receivable by one 
or more first stations; and 

a dedicated portion, for transmission according to a second format receivable by 
£t second station. 

Z. The data frame of claim 1, wherein the common portion comprises an unsteered 
reference. 

3 . The data frame of claim \ 7 wherein the second format comprises steering. 

4. An apparatus comprising: 

circuitry for transmitting a frame from a first station to a second station, the 
frame comprising: 

a common portion, transmitted according to a first format receivable by 
one or more third stations; and 

a dedicated portion, transmitted according to a second format selected to 
be receivable by the second station. 

5 . A wireless communication system comprising: 
one or more first stations; 

a second station; and 

a third station for transmitting a frame to the second station, the frame 
comprising: 

a common portion, transmitted according to a first format receivable by 
the one or more first stations; and 

a dedicated portion, transmitted according to a second format receivable 
by the second station. 



6 . An apparatus comprising: 

means for transmitting a frame from a first station to a second station, the frame 
comprising: 



WO 2005/039105 PCT/US2004/034259 

85 

a common portion, transmitted according to a first format receivable by 
one or more third stations; and 

a dedicated portion, transmitted according to a second format selected to 
be receivable by the second station. 

7. A method comprising: 

transmitting a frame from a first station to a second station, the frame 
comprising: 

a common portion, transmitted according to a first format receivable by 
one or more third stations; and 

a dedicated portion, transmitted according to a second format selected to 
be receivable by the second station. 

8. The method of claim 7, wherein the common portion comprises an unsteercd 
reference. 



9. The method of claim 7, wherein the second format comprises steering the 
dedicated portion. 

10. The method of claim 7, wherein the first portion comprises a data indication for 
future transmission. 

1 1 . The method of claim 1 0, wherein the second station receives the data indication. 

12. The method of claim 1 0, wherein the data indication is an allocation request. 

13. The method of claim 10, wherein the one or more third stations comprises an 
access point, and wherein the access point: 

receives the data indication in the common portion of the first station to second 
station transmission; 

schedules an allocation in response to the data indication; and 
transmits the allocation to the first station. 



The method of claim 13, wherein the allocation is transmitted in a consolidated 
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poll. 

15. A wireless communication system, operable for communicating on a shared 
medium, access to the shared medium allocated to at least a first portion corresponding 
to a first duration and at least a second portion corresponding to a second duration, the 
wireless communication system comprising: 

means for accessing the medium with a first station using a contention-based 
procedure, during the first portion, to transmit to a second station; and 

means for accessing the medium with a third station, in accordance with an 
access allocation, during the second portion, to transmit to a fourth station. 

16. A method for communicating on a shared medium, access to the shared medium 
allocated to at least a first portion corresponding to a first duration and at least a second 
portion corresponding to a second duration, the method comprising: 

accessing the medium with a first station using a contention-based procedure, 
during the first portion, to transmit to a second station; and 

accessing the medium with a third station, in accordance with an access 
allocation, during the second portion, to transmit to a fourth station. 

17. The method of claim 16, wherein the first station and the third station are the 
same station. 

18. The method of claim 16, wherein the first station and the fourth station are the 
same station. 

19. The method of claim 16, wherein the second station and the third station are the 
same station. 

20. The method of claim 16, wherein the second station and the fourth station are 
the same station. 

2 1 . An apparatus comprising: 

means for earning a transmission opportunity; and 

means for transmitting a frame to a remote station, at least a portion of the frame 
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transmitted using steering. 

22. Computer readable media operable to perform the following steps: 
earning a transmission opportunity; and 

transmitting a frame to a remote station, at least a portion of the frame 
transmitted using steering. 

23. A wireless communication system comprising: 
an access point; 

a first station; and 

a second station for: 

earning a transmission opportunity from the access point; and 
transmitting a frame to the first station during the transmission 

opportunity, at least a portion of the frame transmitted using steering. 

24. A method for forming a direct link between a first station and a second station, 
comprising: 

earning a transmission opportunity; and 

transmitting a frame to a remote station, at least a portion of the frame 
transmitted using steering. 

25. The method of claim 24, wherein earning the transmission opportunity 
comprises: 

requesting an allocation on a shared medium from a scheduling station; 
receiving an allocation from the scheduling remote station in response to the 
allocation request. 

26. The method of claim 24, wherein earning the transmission opportunity 
comprises contending for access on a shared medium. 

27. A wireless communication system, comprising: 

means for transmitting a pilot from a first station to a second station; 
means for measuring the pilot at the second remote station and determining 
feedback therefrom; 
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means for transmitting the feedback from the second station to the first station; 

and 

means for transmitting data from the first station to the second station in 
accordance with the feedback. 

28. A method, comprising: 

transmitting a pilot from a first station to a second station; 

measuring the pilot at the second remote station and determining feedback 
therefrom; 

transmitting the feedback from the second station to the first station; and 
transmitting data from the first station to the second station in accordance with 
the feedback. 

29. The method of claim 28, wherein the data comprises one or more frames, each 
frame comprising: 

a common portion, transmitted according to a first format receivable by 
one or more third stations; and 

a dedicated portion, transmitted according to a second format selected to 
be receivable by the second station. 

30. The method of claim 28, further comprising transmitting data along with the 
transmitted feedback. 

31. The method of claim 28, further comprising transmitting a second pilot along 
with the transmitted feedback. 

32. The method of claim 31, further comprising measuring the second pilot and 
detemiining feedback therefrom. 

33. The method of claim 28, further comprising transmitting a data indication along 
with the pilot. 

34. The method of claim 28, further comprising transmitting data along with the 
transmitted feedback. 
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